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1. INTRODUCTION 

This f inal  report  f o r  the Par t ic les  & Fields Subsa te l l i t e  Program 
i s  prepared and submi t ted  i n  accordance w i t h  Contract NAS 9-10800. 
E x h i b i t  C ,  Paragraph 3.1.6.2, and Dowment Summary Table Item #9. 
The basic purpose of the program is  t o  provide three subsa te l l i t e s  
w i t h  one f o r  launch w i t h  Apollo 15, and one fo r  launch w i t h  
Apollo 16. A t  this time a l l  three subsa te l l i t e s  have been 
completed and the F1 ight  #?  subsatel 1 i te has been successfully 
placed i n  o r b i t  from the Pgollo f 5  CSM. 
is scneduled f o r  launch w i t h  the Apallo 16 mission on April 16, 1972. 

The Flight 2 subsa te l l i t e  

P '  
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2. WSTEtvi DESCRIPTION 

The p a r t i c l e s  and Fields Lunar Subsatellite and its mission a r e  
b r i e f l y  described on the fol lowing pages. 
through the use o f  pictorial i l l u s t r a t i o n s .  

This  i s  done primarily 

The b a s i c  P&F mission is  t o  i n v e s t i g a t e  two fundamental problems 
o f  space  physics:  
osphere,  and the boundary l a y e r  of  the s o l a r  wind  as i t  flows over  
the Moon. 
ments of energeti c p a r t i c l e s  and magnetic f i e 1  ds whi 1 e i n 1 u n a r  
orbi t  u t i l i z i n g  the moon a s  a large absorber .  
also provides  the a d d i t i o n a l  capabi 1 i t y  of  making precise phase-locked 
two way doppler  measurements, through the l u n a r  o r b i t i n g  s u b s a t e l l i t e ,  
This  can be done over  an extended per iod  o f  t ime and wi thout  v e l o c i t y  
c o r r e c t i o n  d is turbances .  
mapping o f  the Moon's g r a v i t a t i o n a l  f ie ld  and development o f  the 
luna r  mass model. 

the formation and dynamics o f  the E a r t h ' s  magnet- 

The s p a c e c r a f t  system provides  a means of making measure- 

The P&F s u b s a t e l l i t e  

Analysis o f  th is  doppler d a t a  permits 

Figure 1 i l l u s t r a t e s  the mission concept by showing the Ea r th ' s  
magnetic f i e l d  a t  the Moon, w i t h  an o r b i t i n g  P&F Sa te l l i t e ,  passing 
through the magneto ta i l .  The s a t e l l i t e  s t o r e s  da ta  a s  i t  passes  behind 
the Moon and t r ansmi t s  this da ta  t o  a NASA Earth s t a t i o n  when i t  i s  i n  
view of the s t a t i o n .  

Figure 2 pictures the s u b s a t e l l i t e  i n  o r b i t  just a f t e r  s epa ra t ion  f r o n  
the CSM and a f t e r  the booms have deployed. 

Figure 3 shows the s p a c e c r a f t  i n  l u n a r  o r b i t  whi le  i t  is communicating 
w i t h  an  Earth s t a t i o n .  
scientific d a t a  from the s a t e l l i t e ' s  d i g i t a l  memory and rectlipt of 
commands f o r  s p a c e c r a f t  con t ro l .  The s a t e t l i t e  is  shown w i t h  its 
sp in-axis  and d i p o l e  p a t t e r n  antennas approximately normal t o  the 
e c l i p t i c .  
meter, and f o r  most f avorab le  RF l i nkage  w i t h  ground s t a t i o n s .  
sp in-axis  is  a l igned  by selectively o r i e n t a t i n g  the Apoflo vehicle a t  
the time of sepa ra t ion .  

Communication includes dumping o f  s t o r e d  

T h i s  a t t i t u d e  i s  required f o r  o r i e n t a t i o n  of the magneto- 
The 

Figure 4 pictures the subsatellite i n  l u n a r  o r b i t  performing i t s  
mi ssi  on. 

Figure 5 i s  a drawing of  the s a t e l l i t e  while mated t o  the launch 
assembly and t o  the deployment mechanism which pre-pos i t ions  the 
s a t e l l i t e  to  the CSrl mold l i n e  along guide  ra i ls  just p r i o r  t o  
sepa ra t ion .  

J 
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Figure 6 i s  a photograph of the F l igh t  #1 P&F Subsa te l l i t e  and i t s  
electrical ground support  equipment. 

Figure 7 is  a photograph of the F l igh t  #l P&F Subsa te l l i t e  w i t h  two 
solar panels removed. I t  shows the interior configuration of the 
s u b s a t e l l i t e  and includes labe ls  t o  iden t i fy  the individual boxes. 

Figure 8 shows the s u b s a t e l l i t e  location while stowed i n  the Apollo 
S c i e n t i f i c  Instrument Module (SIM). 
contai ned w i  t h i n  a protective enclosure. 

In t h i s  configuration i t  is  

The photographs of Figure 9 i l lustrate  the preposit ioning operation 
which i s  performed just  prior t o  separation. The equipment shown is  
the High F ide l i t y  !lock-up of P&F Subsa te l l i t e  i n  the NASA/MSC Apollo 
15 SIM Bay Trainer.  

Figure 10 is a photograph o f  the  P&F system Mechanical GSE i n  use. 
The s u b s a t e l l i t e  i s  attached a t  both ends t o  the I n s t a l l a t i o n  Handling 
Fixture (GSE item) which i s  being used i n  i t s  horizontal configuration. 
This fixture i s  providing the means o f  attaching the s u b s a t e l l i t e  t o  
a l i f t i n g  device and a hydra-set. The s a t e l l i t e  i s  being positioned 
horizontal ly  f o r  attachment t o  the Rotation Fixture (GSE item). The 
Rotation Fixture  has been rotated t o  i t s  90" configuration. The sub- 
s a t e l l i t e  has just  been moved from the vibrat ion tab le .  

Figure 11 i s  a s implif ied block diagram o f  the s a t e l l i t e  system. The 
basic subsystems a r e  the Pa r t i c l e s  Experiment Subsystem (PES), Fields 
Experiment Subsystem (FES), Communi cat ions and Phase-Lock Tracking 
System, Data Handling and Storage, Sun Sensor and Sectoring Logic, 
Electrical Power, aod St ruc tura l  and Launch Platform. 

Table 1 provides a summary o f  system features. 
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FIGURE 8 APOLLO 15/16 EXPERIMENT CONFIGURATION IN SIM BAY 
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TABLE I .  S-BAND PARTICLES AND FIELDS SUBSATELLITE 
SUMMARY OF FEATURES 

General 

Spacecraft Size 
Spacecraft Weight 
Total Launch Weight 
O r b i t  
O r b t t  Period 
!$lethod of Launch 
A t t i  tude Stabi 1 i zation 

Pay1 oad 

Basic Measurements 

Ins t rumen t s  

Communi ca t i  on 

Transponder 
Down1 ink Frequency 
Rad i a t e d  Power 
Transmitted B i t  Rate 
Modulation 
Telemetry Data Sub- 

ca r r i e r  Frequency 
Up1 i n k  Frequency 
Command Format 
Command Subcarrier 
Frequemcy 

Data Hand1 i ng 

Data Storage 
Storage Capacity 
Read-In Rate 
Read-Out Rage 
Data Dump Period 

Electr ical  Power 

Solar Cell Array Output 

Hexagonal pr ism,  14-inch diagonal by 30 inches long 
81 pounds 
94 pounds 
Lunar (Apol To) 
119 m i n ,  61% sunlit  
Apollo SIM 
Spin a t  12 rpm, normal t o  e c l i p t i c  plane 

Part ic les  and magnetic f i e lds ,  Doppler 
Solar s t a t e  detectors 
Elec t ros ta t ic  analyzers 
Fluxgate magnetometer 
Coherent S-Band Transponder 

240/221 phase-locked turnaround r a t i o  
2282.5 MHz or 240/223 x U p l i n k  
1 .O watt 

PCM/FSK/PM square wave subcarri er (NRZ-M) 

32,768 Hz 
S-Band (2101.8 lilHz) 
PISFN Dtgi t a l  

'128 bps 

70 KHz 

Core memory 
49,152 b i t s  
8 or 16 bps 
128 bps 
8 minutes 32 seconds 

24 watts a t  17 volts 
Battery (Aged) t l-Cell ,  10 AH 

d 
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3. CHRONOLOGY 3F KEY EVENTS 
3 

< MAY 1970 

A. S/C Hardware Contract Signed 
B. TRM PDR - May 14, 15 
C. ATC, Time Zero Subcontracts signed. . 
D. Zero Gravity Trainer launch platform delivered. 
E .  Delivery o f  Q.A. , Re1 , Safety, CADM, EMC, & Mag. Cleanliness Plans 

JUNE 1970 

A. ATC - PDR on June 4, 5 
B. Time Zero PDR on June 18 
C. Delivery of Zero Gravity Trainer Subsatellite 
D. Test f i r ing o f  NASA supplied pyro cartridges. 

JULY 1970 
-_L. 

A. TRW CDR - July 14, 15. 
B. Fields Experiment CDR - July 29 
AUGUST 1970 

A. Particles Experiment CDR a t  ATC - August 4 ,  5 
8. Successful breadboard comand decoder compatibility t e s t  a t  

MSC, August 28. 

SEPTEMBER 1970 

A. Mass Model V i  bration tests successfully completed. 
B. Final EMC analysis completed. 

OCTOBER 1970 

A. Mass Model deployment tes t  complete. 
8. Thermal design & analysis of orbit  performance completed. 
C, Qual , F l i g h t  1 , F l i g h t  2, Launch Platform hardware complete, 

Qual Structure complete, 

d 
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A. Spacecraft System breadboard tests completed. 
B. Mass Model Separation tes t  completed. 
C. Flight 1 ,  Flight 2 structures complete. 
0. High Fi mockup deliveried to  16C.  
E. Qualification Decoder, Qual Antenna passed 'Qual tests. 
F. BC/S passed acceptance tests. 

DECEM8ER 1970 

A. Successful completion of MSFN compatibility tests wi th  qual 
subsatell i te a t  Houston - December 30. 

B. Qual DSU completed Qual i fication Tests 
C. Qual DEU completed Qualification. Tests 
D. Qual Transponder completecJ Qual if ication Tests 
E. Qual SEU completed QuSl*ification Tests 
F, Flight 1 SEU completed Acceptance Tests 

8 

JANUARY 1971 

A, Successful completion o f  MSFN Compatibility tes t  w i t h  qual 
subsatell i te a t  KSC - January 6. 

t B. Flight 1 ,  Flight 2 Decoder completed Acceptance Tests 
C. F l i g h t  1 , F l i g h t  2 DSU completed Acceptance Tests 
0. F1 ight 1 Transponder coinpl eted Acceptance Tests* 
E. F l i g h t  1 ,  F l i g h t  2 Antenna completed Acceptance Tests 
F. Qual , Flight 1 , Flight-2 Solar Panels completed Acceptance Tests. 

FEBRUARY 1971 

A. Qual , Flight 1 Subsatellite outgassing bake complete. 
B. Qual, Flight 1 ,  Flight 2 Sun Sensors completed Acceptance Tests 
C. Qual Battery completed Qualification tests ** 
D. F l i g h t  2 SEU completed Acceptance Tests. 

* Flight 1 transponder retested i n  March 71. 
** A second qual battery was built  and requalified. 

rl 
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KEY EVENTS (Continued) 

MARCH 1971 

A. 

9. 

C. Qual FES (001) passed Qualification Tests. 
D. 

Qual Spacecraft Phase One Acceptance Review (except PES), 
March 8 - March 12. 
Flight 1 Transponder retest acceptance completed. 

Flight 2 DEU (003) completed Acceptance TEsts. 

APRIL 1971 

A. Flight 1 Spacecraft Phase One Acceptance Review (except PES), 

April 6 ,  7. 
6 .  Qual, F l i g h t  1 Spacecraft Test program in i t i a t ed  w i t h  inoperative 

h i g h  voltage systems (Qual PES engineering model, F l i g h t  1 PES2-2) .  

C.  Flight 2 Transponder completed Acceptance Tests. FES 003 passed 
'I super I' Qua 1 i f i ca t  i on Tes ts  . 

D. Flight 2 FES (S /N 003) instal led i n  Qual Spacecraft. 
E .  Qual FES (S/N 001) instal led in F l i g h t  1 Spacecraft. 
F .  Flight 1 Battery (005) completed Acceptance Tests. 

MAY 1971 

A. 
9. 

C. 
D. 

E .  
F 

G. 

H. 

Qual PES completed Qual program w i t h  h igh  voltage operational. 
F1 ight 1 PES 2-3 completed acceptance program w i t h  high voltage operational. 
Par t ic les  Experiment (PES) acceptance review - May 7 .  
Flight 1 Spacecraft completes Acceptance program with h i g h  voltage 
operational (PES 2-3). 
Qual Spacecraft completes qual i f icat ion program. 
Flight 1 Spacecraft Phase Two acceptance review - May 26. 
Flight 1 Spacecraft shipped to  KSC - Hay 29. 
Resdesigned battery (006) qual t e s t s  completed. 

JUNE - JULY 1971 

A .  Flight 2 (002) FES completed Acceptance Tests. 
B. Flight 2 (003) Battery completed Acceptance Test. 
C .  Flight 2 PES (2-4)  completed Acceptance Tests. 
D.  Qual Spacecraft Phase Two Acceptance Review - June 21 
E .  Flight 2 Spacecraft Phase One Acceptance Review - June 21 
F .  PES Flight 2 acceptance review - June 29. 

d 
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KEY EVENTS (Continued) 

JUNE - JULY 1971 (Continued) 

G. Final Battery Charge completed on Flight 1 Spacecraft on pad a t  
Cape Kennedy, July 16, 1971. 
Flight Two Spacecraft completed Acceptance T s t  Frm-am. ti 

I .  Flight Two Spacecraft Phase Two kceptance Rev's, - 7 ~ 1 ; .  21, 22.  
J F l i g h t  Two SIzacecraft p u t  in to  storage - July 23. 

SEFTEFlbER - OCTOBER 1971 

A. 

B .  
C .  

PES 2-4 rzmovcd from F l i g h t  2 Spacecraft f o r  repair .  
D E U  modified t o  incorporate "low c3unt"fix. 
FES modified tc kipable magnetometer gain. 

NOVEMBER 1971 

A 

B .  Thermal tape added t o  PES. 
C .  Flight tk: i - ,43,~craf t  phase two reacceptance review - November 4, 1971. 
D. 7x12 vacum chamber f a i lu re  seriously damages F 7 7 a h t  ' S/C - Ncv. 15, 1971. 
E .  

PES 2-4 re-installed i n  Flight 2 spacecraft. 

Flight 2 spacecraft completely disassembled f o r  :-e;a:r-. 
replaced w i t h  PES 2-2. DEU repaired, CDU repaired. All other units 
given confidence u n i t  tests. 

PES 2-4 to  r e  

DECEMBER 1'371 

A. 

B.  
PES 2-2 ins ta l led  i n  F l i g h t  2 spacecraft. 
Flight 2 spacecraft r ebu i l t  and functionally tested. 

JANUARY 1972 

A. High voltage f a i l s  during Flight 2 spacecraft therw,' vacuum. 
B. Repaired PES 2-4 ins ta l led  i n  Flight 2 spacecraf.:. 

FEBRUARY 1972 

A. 
B.  

C. Par t ia l  f a i l u r e  of Flight 1 spacecraft in o rb i t  - February 3 ,  1972. 
D. Flight two spacecraft shipped t o  KSC - February 6 ,  1972 

Flight two completes acceptance tests.  
Flight two u n i t  Phase I 1  reacceptance review - February 1-3 1972. 

d 
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HARDWARE DELIVERY ACCOMPLISHMENTS 
i 4. 

V 

Hardware delivery accomplishments a re  tabu1 ated below by Contract 
Item number. The Zero-G Tra in ing  U n i t  Subsa te l l i t e  was added v ia  
Contract Change Authorization #l. 

Required 
Del i very 

Date 

Actual 
Del i very 

Date 

5-21 -70 

I tem 
No. 

1 

Con t r a c t  
Reference 

Exhibit ''A" 
Par. 3.3 

Item - 
Zero-G Training U n i t  
Launch Platform U n i t  

5-1 3-70 

NN Exhibit "A" 
Par. 3.3 

Zero-G Training Uni t 
Subsatel 1 i t e  

6-8-70 6-8-70 

Exhibit "A" 
Par. 3.2 

9-1 8-70 2 Hi-Fidelity Mock-up o f  
the Subsa te l l i t e  includ- 
i n g  Launch Platform 

9-1 5-70 

3 Exhibit "A" 
Par. 3.1 

F1 i g h t  Launch P1 atform 
No. 1 

1-1 5-71 5-28-71 

4 Exhibit ''A'' 
Par. 3.1 

F l i g h t  Subsa te l l i t e  No. 1 5-7-71 5-28-71 

5 Exhibit "A" 
Par. 3.1 

Fl ight  Subsa te l l i t e  No. 2 
Incl udi ng Launch P1 atform 

2-6-72 2-6-72 

6 Exhibit "A" 
Par. 3.1 

Flight  Subsa te l l i t e  No. 3 
Including Launch Platform 
(To be used i n  Qualifica- 
t i on  Testing) 

5 - 28- 71 6- 24- 7 1 

Exhi bi t "A" 
Par. 3.4 

Ground Support Equipment 4-23-71 5-28-71 

E x h i b i t  "A" 
Par. 3.5 

Test Equipment A t  Contract 
Comp 1 e t  i on 

Not Yet 
Done 

Devel opment Test Model 
(Residual) 

A t  Contract 
Completion 

Not Yet 
Done 

4 
i 
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5. DOCUMEMTATION ACHIEVEMENT 

Achievement of contractual documentation requirements are  described 
i n  this section of the f ina l  report ,  and a re  presented i n  the same 
order as  listed i n  the Contract Documentation Summary Table, E x h i b i t  
C,  by Item Number. 

ITEM 
NO. 

1&2 

- 
All P & F Subsa te l l i t e  Program Contract End Item (CEI) specif icat ions 
together w i t h  required and actual submittal da tes ,  and l a t e s t  issue 
information, are  l i s t e d  below. The Mechanical GSE CEI specif icat ion 
was requested a t  a l a t e r  date  by MSC, t o  replace EQl-398A and t o  i n -  
corporate additional equipment, and had no spec i f i c  required submi t ta l  
date. 
on 5 March 197i. 

The f i rs t  and f ina l  Mechanical GSE spec i f ica t ion  submittal was 

CONTRACT E N D  ITEM SPECIFICATIONS 

Document No. CEI Speci f i  cation Req'd Submittal Req'd S u b m i t t a l  
Prelim Final Prelim Final 

SY1-36C/SCN-8 P & F Subsa te l l i t e  System 5/4/70 6/30/70 5/14/70 6/11/70 
EQ1- 398A Insertion Fixture 5/4/70 6/30/70 5/14/70 7/13/70 

EQ1-408NC Mechanical GSE no required dates 3/5/71 3/5/71 
EQ3- 38713 Battery Charger/Simulator 5/4/70 6/30/70 5/14/70 6/11/70 
EQ15-2A High Fidel i ty Mockup 5/4/70 6/30/70 5/14/70 7/13/70 
EQ15-3A Zero Gravi ty Trainer 5/4/70 6/30/70 5/14/70 7/13/70 

(Superceded by EQl-408) 

- Enqineerinq Chanqe Proposals (ECPs) are cal led out i n  the  Contract on 
an "as required'' basis.  
mittal dates ,  are  listed on the attached ECP table .  

A l l  ECP's  t o  date ,  together w i t h  t h e i r  sub-  

- Specification Chanqe Notices (SCN's) a r e  cal led o u t  i n  the Contract 
on an "as required'' bas i s ,  w i t h  both preliminary and f ina l  submittals 
listed on the attached 'SCN table. 

Specification Chanqe Logs a re  cal led fo r  i n  the Contract on an "as 
required" basis.  These have been submitted as par t  of  each pre- 
liminary and f ina l  SCN, and are  included i n  each affected specif ica-  
t ion  immediately a f t e r  the t i t l e  page. 

d 
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< 
& ' a  

rn 
001 
002 
002A 
003 
DO4 
005 
006 

007 
008 
009 
01 0 
01 1 
01 2 
01 3 
01 4 

015 
-01 6 
01 6MOD 

017 
01 8 
'31 9 
020 
02 1 
022 
022A 
923 
024 
025 
026 
027 
028 
029 
030 
03 1 
032 
033 
034 
035 
036 
037 

033 
039 

rn 
8/26/70 
8/27/70 
9/3/70 
8/7/70 

9/22/70 
9/22/70 

8/21 170 

26/71 
21251 7 1 
1 O/ 23/ 70 
3/2/71 
1 /26/71 
12/9/70 
1 / 28/ 7 1 
3/9/71 

7/2/71 
2/26/71 
3/11/71 

8/27/71 
6/9/71 
4/19/71 
4/22/ 7 1 
4/ 19/71 
4/19/71 
5/13/71 
4/29/71 
5/12/71 
5f 2017 1 
5/22/71 
6/4/71 
6/21/71 

7/16/71 
6/21/71 
9/1/71 
9/24/71 
10/4/71 
10/19/71 
10/15/71 
3/22/72 

------- 

3/21/72 
3/23/72 

Lm 
Sunshades for Analyzers 
A t t i  tude DetermSna tion Sys tem 
A t t i  tude Determination System, Rev. A 
Antenna Phase Measurements 
Subsatel 1 i te Changes 
Antenna Hat 81 Radome 
Automat i c Transm i t ter Turnoff 

Subsatel 1 i te Test Tzpe 
Expanded Test Program 
Subsatel 3 i te Changes 
Prodtlclt Assurance Changes 
MSFN Compatibility Tests 
Zero Gamma 41 ADC Reference Voltages 
Mission Study Support t o  NAR 

Mag net ome t er Changes 
Magnetometer Changes 

F2 MIKH SUPPORT 
Par t ic les  Analyzer €a1 ibr t ion  a t  Berkeley 
Boom Damper FSodif i cation 
Battery Internal Design Change 
Magnetometer Thermal Env. Mod. 
Subsa te l l i t e  Thermal Changes 
Subsatel 1 i te Thermal Changes 
BCj'S Changes 
Battery Electronics Cover 
FES Internal Electronics MOD 
PES Re l i ab i l i t y  log ic  Change 
PES High Voltage Power Supply Parts  
Fl ight  2 SIC Extended Solar Thermal Vacuum Test 
Not Used 
Additional KSC Operations f o r  Fl ight  1 
PES HV Power Supply Parts  (704 Module) 
DEU Accumul a t o r  Design rlodi f i c a t i  ons 
Magnetometer Gain Changes 
Subsa te l l i t e  Thermal Redesign f o r  lwr. Temp.Solid S ta t e  Telescopes 
Additional F2 Subsa te l l i t e  Vit & T/ V Tests 
A t t i t u d e  Determination of the Fl ight  2 P&F S/S 
In Orbit  Performance Analysis 

Fl ight  2 S/S Final Trim Weight Shape (NO COST) 

PEIITIWL WKt! SUFPORT FOR WKH #I 

SUSAINI~~G ommm SUPPORT 

P W ~ P . ~  E(TE~;~SION Irs SIIPKRT OF EQUO 16 VMH SLIP 
0 

\ 



P&F SCN SUMMARY LIST 

5 -  SCN 

SCN-1 /EV3- 12A ( Acc. Test Spec) 
SCN-l/EV3-9A (Qual. Test Spec) 
SCN-I/16763-188 (Cert. P1 an) 
SCN-1/16763-42A (P&I Spec) 
SCN-2/EV3-12A ( ACC. Test Spec) 
SCN-2/16763-l8B (Cert. Plan) 
SCN-l/SY 1 -36C (ECP-001) 
SCN-2/SY1-36C (ECP-002) 
S€N-3/SY 1 -36C (ECP-016) 
SCN-2/16763-42A (P&I  Spec) 
SCN-4/SY 1 -36C (ECP-Og4) 
SCN-2AJEV3-128 
SCN-2A/16763-18B 
SCN-2iEV3-9A 
SCN-5/SY1-36C (Temp) 
SCN-3/16763-18B (Cert P l a n )  
SCN-6/SYl-3€iC (Update SSD Gem, 

SCN-4/16763-T8B (Cert Plan) 
S&M-3/EV3-9A (Super Qua1 for  FES) 
SCN-7/SY1-36€ (Mag. Repeatability 

Factor) 

Del e ted ) 

SUBMITTAL DATE 
Prelim. 
3/5/71 
3/5/71 
3/5/71 
3/5/71 
4/ 3 0/7 1 
4/30/71 
4/30/7 1 
4/ 30/ 7 1 
4/30/71 
5/3/71 
5/4/7 1 
5/12/71 
5/14/71 
5/18/71 
5/25/72 
5/26/ 7 1 

6/9/71 
6/9/71 
6/11/71 

6/25/71 
SCN-3/EV3-12B (extended STV for F2) 6/28/71 
SCN-1/16763-4OB (Meas. tis t) 7/20/71 

7/20f 71 SCN-8/SY1-36C (DOC. Rev. Ltrs.) 

Final 
6/25/71 
6/25/71 
6/ 25/7 1 
5/21 /7 1 

- 
- 

5/21 /?l 
5/21/71 
5/21/71 
5/21 /71 
5/21 /71 
5/26/71 
6/25/71 
5/ 26/? 1 
7/12/71 
6/25/ 7 1 

7/8/71 
7/8/71 
7/8/71 

7/3 2/71 
7/20/77 
8/13/71 
8/13/71 

8220.57-1-68 
Page 23 

MSC APPROVAL 
Date - 

3/19/71 (-37) 
3/19/71 (-37) 
3/19/71 (-37) 
3/19/71 (-37) 
Revision Req'd 
Revision Req'd 
5/14/71 (-65) 
5/14/71 (-65) 
5/14/71 (-65) 
5/14/71 (-64) 
5/14/71 (-65) 
5/25/7t (-75) 
5/21/71 (-70) 
5/25/71 (-74) 
5/27/71 (-80) 
5/27/71 (-81 ) 

6/27/71 (-91) 
6/27/71 (-91) 
6/27/71 (-91 1 

7/2/71 (-94) 
7/13/71 (-97) 
7/27/71 (-L90) 
3/27/71 (-L90) 
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Item 
No. 

6 

- 

7 

8 

9 

70 

Engineering drawings were 
ture cards as directed i n  
the drawings was provided 
Acceptance Data Packages. 

submitted i n  the form of 35mm microfilm aper- 
MSC TUX EE17/70-122. 
t o  both NASA MSC and KSC i n  "Tab" runs i n  the 
Transmittal l i s t s  and periodic summary l is ts  

A complete l is t ing of 

of drawing submi t tals-were also made. 
drawings presented i n  approximately 1300 microfilm cards. 
Instrumentation drawings by ATC and Time-Zero ( t o  the piece par t  l eve l )  
were sent to  NASA i n  paper p r i n t  form. 

There are  approximately 800 
Scien t i f ic  

Monthly progress reports s ta r ted  w i t h  the month of May, 1970 and con- 
tinued through the month o f  June/July 1971. T h i s  l a s t  report  covered 
the month of June p l u s  t ha t  portion of July u n t i l  the 23rd, a t  which 
time the formal acceptance testing of Flight #2, and the l a s t  acceptance 
review were ccmpieted, and the level of program e f f o r t  was substant ia l ly  
reduced t o  approximately a sustaining leve l .  The s c i e n t i f i c  instrumen- 
t a t i o n  reports covering ATC and Time-Zero a c t i v i t i e s  were included i n  
the basic report  u n t i l  and including the September 1970 report;  for  
subsequent months the ATC and Time-Zero reports were sent  d i rec t ly  t o  
MSC, as requested i n  MSC TWX #EE17/70-122. 
on the 15th of the month following the reporting period. As the pro- 
gram progressed and the documentation 1 oad became very heavy, program 
progress reports were assigned very low p r io r i ty  because o f  the heavy 
schedule pressures and many on-site meetings held a t  TRW by NASA, which 
reduced the need f o r  prompt progress report  delivery. 

Submittals were required 

Monthly financial  management reports started w i t h  the report  due 22 
June 1970, and continued throush the report  due 22 September 1971. 
These were sutmitted on NASA 533 forms and included quarterly reports.  
Submittals were required on the 22nd of the month following the report- 
i n g  month, and were typical ly  made on or  c lose t o  t h a t  date. 

Preliminary and f ina l  versions of the f ina l  report  were required. The 
preliminary submittal was required on 1 October T971 and was made on 
79 0ctober 1971 . This report  is the f ina l  version, 

Review minutes were required i n  two par t s ,  A and 3,  w ? t h  Par t  B cover- 
i n g  review meeting action item disposit ion.  
quired one month a f t e r  each review and these were supplied for  the f i r s t  
3 reviews, namely the P D R ,  June review, and CDR. 
quested tha t  subsequent Part  3 submittals be replaced by s u b m i t t i n g  
each issue of  the more frequently updated informal TRW Action Item Log 
which was done d u r i n g  the remainder of the program. Part  A minutes 
were submitted shortly a f t e r  the meetings to  the MSC Experiment Manager 
fo r  preliminary review. 
poration of his suggested changes. 
May 1970 through January 1971 and Part  A minutes were submitted f o r  
each. 

Part  6 minutes were re- 

Thereafter MSC re- 

Formal submittals were made following incor- 
Reviews were held each month from 
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1 I tern 
No. 

11 

- * I  

Reports were required and submitted fo l  1 owing each Acceptance Review 
as listed below. 

- Date Acceptance Review 

3/8-12/71 Qualification U n i t  Phase One C.A.R. 

4/6-?/ 71 F l i g h t  #1 Phase One C.A.R. 

5/ 7/ 71 PES F l i g h t  #1 C.A.R. 

51 26- 2817 i Flight #1 Phase Two C.A.R. 

6/21-24/71 F l i g h t  #2 Phase One and Qualification U n i t  Phase 
Two C.A.R. 

6/ 29- 30/? 1 PES F l i g h t  #2 C.A.R. 

7/21 -22/71 
11/4/71 
211 -3/72 
Acceptance data packages were submi t ted  for a l l  units (subsystems) and 
spacecraft  each a t  the applicable acceptance review. Corrections o r  
changes were identi  f i ed d u r i n g  the reviews and subsequently incorporated. 
Data packages a re  l i s t e d  on an attached table  together w i t h  the submittal 
dates f o r  the corrected packages. 

MateriQsy+ew records were submit ted a t  the acceptance reviews as re- 
quired as par t  of the applicable data packages (see Acceptance Data 
Package Summary L i  s t) . 
The F_a_ilure Mode & Effects Anabsis  (FMEAI- submittal was or iginal ly  
required on 5/4/70 b u t  this was changed by MSC direct ion t o  be 6/30/70. 
Actual f i rs t  submittal was made 7/1/70. The f ina l  issue is a B revision. 

F l i g h t  #2 Phase Two C.A.R. 
Flight #2 Phase Two Re-Acceptance 
F1 i g h t  #2 Re4 cceptance 

12 

13 

?! 

were made on NASA/MSC Failure Investigation Action 

time of each f a i l u r e ,  and as part  of the applicable acceptance data 
package. Reports were required 24 hours a f t e r  f a i lu re .  In general 
failure reports were telephoned t o  HSC w i t h i n  24 hours and this was 
followed by an i n i t i a l  submittal of the FIAR form. 
have been submitted and these are listed on pages 36, 37 and 38. 

FIAR's were submitted both individually a t  the 

To date  109 FIAR's 

1 

d 
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R t  iiMt'~ FLT. 2 -.-- QUAL. FLT. 1 

-- ----- 

BATTERY 

-_I- 

--- sotm 4RRi!Y - 
S/S-LA:tCti. SI : : ? I C P ~ ~  - 

-- 

A)  Del iverod a t  Acceptance f?cview 3/12/71 
B )  Sent Air Exaress t o  F .  Troutnari 4/02/71 
L) Sent Air Exyess  t o  F. Trouttmaq 5/03/71 
0) Sent Air Ex?rzss t o  3. Joimson 6/64/71 
E )  Hand Carried cy J .  Gardner i o  IJSC 6/10/71 I F )  Sent Air Express t o  F. Troutnan 5/13/71 

( 6 )  Book 1 - Originally Assigned t o  Qual .  
( H )  Prel iminary Dzlivery Qf 3 B o o k ,  Final Delivery was 4 Books. 
( I )  Book 1 - Originally Assigned to  F l t .  1 
(3) Sent Air Express t o  F. Troutman 7/15/71 

I 

SYSIfMS GROUP OF TRW INC ONE SPACE PARK REDONOO BEACH CAllfORNIx 90278 (213) 679 6711 
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I tern 
No. 

16 

17 

18 

19 

20 

21 

Failure Analysis Reports ( F A R ' S )  were submitted as required as 
par t  of update FIAR's (see FIAR Summary List). 

Corrective Action Reports were submitted as par t  of the f ina l  
F I A R  forms (see FIAR Summary List). 

Cert i f icat ion Plan submittal was requi red on 6/4/70 w i t h  actual 
f i r s t  submittal on 6/24/71. The l a t e s t  is Revision B w i t h  SCN-4. 

Development Test Plan submi t ta l  was required on 6/4/70 w i t h  actual 
f i r s t  submittal on6/15/70. The l a t e s t  issue is Revision B. 

Qual i f ica t ion  Test Specification submi t t a l  was required 2 months 
pr ior  t o  tes t .  A c t u a l f i r s t  s u b m i t t a l  was on 9/15/70. The l a t e s t  
issue is  Revision B w i t h  SCN-3. 

- Acceptance Test Specification submittal was required 2 months 
pr ior  t o  t e s t .  Actual f i rs t  submittal was on 9/15/70. The - l a t e s t  issue i s  Revision B w i t h  SCN-3. 

22823 Prei ns t a l  1 a t i  on Acceptance Test Speci f i cations -~ and In t q r a  t i  on 
and Prelaunch Test Requirements Package required submittals f a r  
Kese items were 9/15/70 b u t  t h i s  was delayed by agreeinent w i t h  
MSC ( r e f e r  to  customer review meeting minutes). Following sub-  
sequent TRW documentation support a c t i v i t i e s  i t  was agreed with 
Mr. Jack Johnson the MSC Experiment Manager tha t  the requirements 
f o r  Items 22 and 23 had been f u l f i l l e d  by TRW l e t t e r s  H8230.14-52 
and 8230.14-50, both of 7 December 1970. These provided detailed 
i n p u t s  and corrections to  Mr. Richard Bohlman o f  NASA/KSC on the 
NASA P & F: Subsatel l i te  Pre-launch Checkout document #TCP-KL-6007- 
LMfO, dated 27 November 1970, prepared by Grumman Aerospace Cor- 
poration, and to  Mr. George Doland of NASA/MS€ on the NASA P & F 
Subsatellite/MSFN Systems Compatibility and Performance Test 
Procedure #HASD No. 0B3069, dated 18 November 1970, prepared by 
Lockheed Elect roni cs Company. 

24825 Qualification & Acceptance Test Procedures submittals were re- 

? acceptance). The contract i n i t i a l l y  requfred only end i tem 
level procedures b u t  submittal of u n i t  level procedures was added 
later. Early versions of the more important procedures were sub- 
mitted t o  MSC i n  p r in t ed  paper form f o r  ear ly  review, then again 
when any changes had been incorporated. 
submitted as 35 mv microfilm aperture cards and updated as 
revisions were made. 
as par t  of the acceptance data packages. 
on the attached u n i t  level and spacecraft level procedure sumnary 
1 i s t s  

uired 2 weeks pr ior  t o  t e s t  (qua l ) ,  and ? month pr ior  t o  t e s t  

Subsequent7y they were 

The procedures were also submitted t o  MSC 
Procedures a r e  listed 

Procedures by the major subcontractor ATC and Time-Zero 
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3 

26 

27 

28 

29 

30 

31 

32 

submitted in  printed form, and are also i n  the acceptance da ta  
packages. ATC and Time-Zero procedures a re  l i s t e d  below: 

ATC 
I_ 

a)  ATC PES Acceptance Test Procedure, TP 1141-014 
b) ATC Subassembly 13 Telescope E l  ectroni cs Precal i bra  ti  on 

Measurments Test Procedure, TP 11 41 -014 

TIME-ZEF2 - 
a)  T-Z Acceptawe Test Procedure , Apol 1 o Subsatel 1 i te 

b )  T-'L cal ibrat ion Procedure, Apollo Subsa te l l i t e  
Magnetometer, S 1007001 9 

Magnetometer, S 10070026 

Pre ins ta l la t ion  Acceptance Test Procedures requirement was sa t i s f i ed  
by the work described under Items 22 and 23 above. 

Sc ien t i f i c  Instrumentation Cali b r a t i o n  Procedures submi t t e s  were 
required 2 weeks prior t o  cal ibrat ion.  -These are as follows: 

a)  
b) 
c) 
d )  
e)  

Foil Calibration Procedure, Parylene N, TP 1141-016 
Telescope Subassemblies 11 and  12, TP 1141-11 & 12 
Curved Plate Pnalyzer Subassemblies I ,  2 ,  3 fi 4 
Telescope Noise Counting Rate Adjustment, TP 1141-017 
Parti  cl es  Subsystem Cal i bra t i  on, TP 11 41 -01 3 

No item 28 was given i n  the Contract 

Qualification Test Reports were to  be submitted by 5/15/71 and 
were submitted as p a r t  of the acceptance data packages ( r e fe r  t o  
the acceptance data package summary l i s t ) .  

- 

Calibration Data Reports submittals were required a t  the phase two 
acceptslnce reviews. Submit ta ls  were as follows: 

Submittal Date 
F l i g h t  #1 Subsa te l l i t e  Calibration Data Report, 
16763-30-01 ( l a t e s t  revision i s  Rev. B )  5/26/71 

Qual i f icat ion U n i t  Calibration Data Report, 
16763-30-03 (1 a tes  t revi s i on i s NC) 6/16/71 

F l i g h t  #2 Subsa te l l i t e  Calibration Report, 
16763-30-02 ( l a t e s t  revision is  Rev. 6) 7/29/71 

Experiment Suppor t  Requirements submittal was required t o  be made 
a t  the CDR, and actual submittal was a t  the CDP. 

Spares Requirements was mutually agreed with MSC as  n o t  applicable 
to  the Subsa te l l i t e  program. 

d 



33-39 

3 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

No #. 
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Submittal of documentation items 33 through 39 was required to  be 
5/4/70. However contract  go-ahead was n o t  obtained u n t i l  5/15/70, 
therefore  submittals were made a t  t h a t  time, as l isted below: 

REQUIRED 
DOCUMENT (Latest  Revision) SUBMITTAL 

D CITE 
ACTU PL 

DATE 

Qual i ty  Assurance Plan (Rev. B )  5/4/70 5/15/70 

Rel iab i l i ty  Plan (Rev. C) 5/4/70 5/15/70 

Configuration Management Plan (NC)  5/4/70 5/15/70 

System Safety Plan (NC) 

EMC Control Plan (NC) 

5/4/70 5 f 1 5/70 

5/4/70 5/ 1 5/70 

Magnetic Clean1 iness P1 an (NC) 5/4/70 5/15/70 

Development Schedul e (PIC) 5/4/70 5/15/70 

Measurement List (Rev. B ,  SCN-1) 7/14 (CDR) 7/14/70 

Command List (Rev. B )  

Subsatel l i  te/MSFN P&I Specification 
( R E V .  A SCN-2) 

7/14 ( C D R )  5/15/70 

7/14 (CDR)  7/14/70 

- Operational Data Book requirement i s  considered t o  have been s a t  
i s f i e d  by the c o n x r a b l e  s u p p o r t  Drovided to  NP.SA K C ,  nar t icu lar lv  
t o  F l i g h t  Operations Directorate (FOD), i n  the form o f  supply of 
i n p u t  mater ia l ,  review and correction of material ,  meetings, and 
telephone discussions by both the TFW Redondo Beach personnel and 
by the TRW resident  representative a t  MSC, d u r i n g  preparation of 
the MSC documents PetF Subsa t e l l  i t e  Sys tems Handbook, Consol e Hand- 
book, and others.  

- 

Parts and Materials List submittal was required on 6/30/70, and was 
made on- t ha t  date .  The l a t e s t  issue i s  Revision 6. 

Others important whose submittal was n o t  i n i t i a l l y  required b u t  was 
added l a t e r  included the subsystem equipment specif icat ions a s  listed 
below ( l a t e s t  issue is  show): 
Subsystem Level Equi.pmen t Speci f i ca ti  ons 
EQ3-290 NC Battery Assembly, P&F 
EQ4-892 D Partlcles Experiment Subsystem, P&F 
EQ4-893 D Fields Experiment Subsystem, P&F 
EQ4-918 NC Command Decoder, PeiF 
EQ4-91 g/SCN-1 Digital Electronics Uni t (DEU) , P&F 
EQ4-945 B D i  plexer , P&F 
EQ4-955 NC Data Storage U n i t  (DSU), P&F 
EQ4-957NC/SCN-l Sun Sensor U n i t ,  P&F 
EQ4-959 NC Spacecraft E l  ectroni cs U n i t  (SEU) , P&F 
EQ4-960 NC Antenna Assembly, P&F 
EQ4-973NC/SCN-2 Transponder Converter, P&F 
SS6-33NC S-Band Transponder, P&F 

A 



. t l  

C .  . 8220.57-1 -68 
Page *3p P&F UIIIT LEVEL TEST PROCEDURES 0 .'- 

( 
I * *  

HC-00K-01/01 
tic-01 Q-01 /t'K 
HC-OGA-01 /A5 
HC-OGA-OZ/B3 
HC-OGA-O3/A 
tiC-OGA-O4/AZ 
HC-06A-OS/Al 

HC -0G C-0 1 / A2 
H C-OG A -06 /A4 

I 

H C-0 6 C-0 2/A3 
HC-06 C-0 3/42 
HC-OG C-O4/ NC 
HC-UliC-O5/iJ~ 
tic-OSQ-01 /A2  
MC-OGQ-O2/A7 
,IC-06Q-0 3/44 
MC-O6Q-O4/Ai 
HC-06T-01 /A1 
HC-09A-01 /lis 
HC-09H-01 /A1 
HC-O9H-O2/Al 
HC-OSQ-Ol/A 
tIC-l2A-O3/1? 
tic-1 2c-0 1 /A7 
tic-I 2C-02/A2 
HC-1211-01 /A1 
K-li:H-O2/Al 
)tC-l2Q-O3/A 
HC-1 2T-01 /A2 
HC-14A-01 /i?l 
HC-14B -01 / A  1 
HC-I 4C-01 /A* 
HC-lrlC-02/ C 
HC-l4F-O1/A 
HC-14K-O1/idC 
HC-14K-O2/;IC 

HC-14R-O1/?IC 
HC-1 OR-O2/A 
IIC-IGA-01 /c1 

*' tiC-16k-02/ A2 
HC-16Q-31 j31  
HC-1 GQ-O2/;lC 
HC-17A-01 /AI 
)IC-1 7C-01 /B 
HC-17C-O2/A1 

, t1C-l7H-01 /A2 
)IC-1 7Q-OIiA2 
1ic-l91i-01 /i!C 

M C - I ~ Q - O I / B I  

AVAf LmlE IN IilfCROFlLM FILE 

/ 

P and f Subs ate1 15 t e  Assembly tlagneti c Properties Procedure 
Ordnance Qual i f i  cation/Lot Acceptance Jest Procedure 
Comnmd ikcoder Acceptance Test Procedures 
DElJ U n i t  Acceptance Test Procedure, A 7  
DSU Ihi t Acceptance Test Procedure., A4 
li-Band Receiver Acceptance Test Procedure 
S-Band Tratismi t t c r  Acceptizncc Test Procedure 
S-Bs:;d Timsponder Acceptance Test Proccdure 
Coinmand Decoder Functional Tcs t Procedure (Pl  us Attachmnt I & 

DEU Ftincti mal  Test Procedure 
DSU i2ut:ction21 Test Procedure 
Cornstid Decoder Futictional Board Test 
Functional Test Proc2dura for the H a t  Assembly 
C o j m m d  Decoder Qual i f i  ca t ion  Test Procedure 
DEU Cn i  t Qual i f i  cation Procedure 
GSU Ilni t Qual i f i  cation Test Procedure 
S-Bazd Transponder Qual Test Procedure 
Funct iona l  Test Procedure for the G!%I Dipole fixray Antenna 
Bat teiy Cliarger/Sinul a tor  Acceptance Test Procedure, P&F 
S-Bafic! Transmitter Cal i b r a t i  an Procedure a '  

S-Baad Test Transmitter Calibration Procedure 
Gattzry Charger Simul a t o r  E X  Qual i T i  cation Test Procedure 16 
SEY Acceptance Test Procedure, A1 
SEU Fr!nctiona! Test  Procedwe 
Trans?onder Coiiverter E l  ec t r j  cal Test Procedure 
DEU Tester Czlibration Procdure 
CaliCr3tion Procedure Resistive Load Bank, Converter 
SEU Q u d  Test Procedure, A1 
SEU Covponent Scl ect-In-'res t Procedure 
Acceptmce Test Procedure, Battery Asszmbly 
Activation and Formation Procgdure, 10 AH Cell 
Solar Pan21 Functional Bench Test 
Functicnal Bench Test Procedure, Battery Gssembly 
Battery Fabri cat ion Test Procedure, A3 
Sol a r  Array Panel :4agncti c Properties Procedure 
P&F 3439xtic Propzrties Procedure, Sol ar Array 
Battery Qualification Test Procedure 

N a p e t i  c Fie1 ds Experi Rent Acceptance Test Procedure 
P a r t i  cles Expzriment Subsystem (PES) Acceptance Test Procedure 
Nsgncti c Fields Experi rrmt Qual i f  i chA;i on Test Procedure 
P a r t i  c:es Experiment Subsys tern (PES) Qualification Test Procedure 
Sun Sensor ficccptance Test Procedure 
Sun Sensor Electronics Board Functional TP 
Sun S9ilsar U n i t  Functional Test Procedure 
Sun S e x o r  Optical A1 i giimnf; Procedure 
Sun S-znsor Qual i f i  cation Test Procedure 
SEU Test Set C a l i b r a t i o n  Procedure 

A t  tachmen t I I 1 

Cost  Acceptance and Selection, A1 .- 
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PROCEDURE 
NUr 13 ER ---- 

HC-21 A-01 /D2 

HC-21 K-01 /B4  

HC-2114-01 /A2 

HC- 21 Fl- 02 /A1  

HC-2114-03 

HC-21 M-04/A 

HC- 21  Q-0 1 /C2 

HC-21s-01 /C9 

HC-21 S--02/NC 

He-21 S-O3/B2 

HC-21 S-O4/F4 

HC-21 S-06/ C4 

HC-21 S-07 

HC-2 1 S- 08/ B 1 

HC-21T-01 

HC-21T-02 

HC-21 T -03  

P&F SPACECRAFT LEVEL TEST PROCEDURES 
LATEST ISSUE L I S T  

TITLE 

SUBS ATE LL I TE ACCE PTAWC E V I B !<AT I ON 

NAGN ET I C CLEAN L I NESS r4 E AS U REI81 E N TS 

fZECHAN I CAL ASSEMBLY & D I  SASS f f iB LY 

LAUNCHER/SUBSATELLlTE RIGGING 

HOISTING & HANDLING 

STORAGE PROCEDURE 

SUBSATELLITE QUALIFICATION VIBRATION 

INTEGRATION & FUNCTIONAL TEST 

BOG1 ALIGNMENT 

MASS PROPERTIES MEASUREMENT 

INTEGRATED SY STEFlS TEST 

SUBSATELLITE L I M I T E D  FUNCTIONAL 

SOLAR THEEMAL VACUUM 

THERFIAL VACUUM (FLTZ I N  7 x 1 2  CHAMBER) 

SOLAR THERMAL VACUUM (FLT 2 IN 30 FT CHAMBER) 

LEAKAGE RESISTANCE TEST FOR HARNESS 

BATTERY CHARGING & DISCH ( I N  S I N )  

BATTERY CHARGING & DISCH (NOT IN sIr4) 

s 

d 
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6. MS FN- 
1 

Technical problems which were encountered dur ing  the P 81 F program to- 
gether w i t h  their solutions a re  detai led and reported t o  the MSC on 
Failure Investigation Action Reports (FIAR's). These a re  tabulated 
herein on an attached table.  The problems considered t o  be the most 
serious a r e  l i s t e d  below and subsequently described i n  some de ta i l .  

Most Serious Technical Problems 

PES High Voltage Problem 
Spacecraft Thermal Design 
Boom Failure 
Boom Damper Leakage 
Battery Case Redesign 
Diode, Replacement 

The most serious technical problem i n  the P & F Subsatel l i te  program 
involved arc-overs i n  the Part ic les  Experiment Subsystem (PES) h i g h  
voltage supply. 
vacumm portion of the PES uni t  level qual i f icat ion tes t ing.  
on March 1 j u s t  a f t e r  receipt  of the PES S/N 1-1 a t  TRW from the sub- 
contractors ATC, and was detected when the high voltage dropped t o  
approximately one-ha1 f of spec value. 
this t o  be a design problem associated w i t h  the p o t t i n g  compound. 
707 High Voltage module was a completely potted uni t  which suffered 
voids and cracking of the p o t t i n g  compound opening pa ths  for  corona/ 
arcing o f  the high voltage t o  ground when the uni t  was exposed t o  low 
temperature and hard vacuum. In the temperature excursion from the 
curing temperature of 200'F t o  room temperature, a 2% bulk shrinkage 
of the C60 material occurs. Subsequent shrinkage occurs during the 
excursions t o  35°F during t e s t .  
ATC h i g h  voltage module applications which had been used successfully 
on other programs b u t  was not  as c r i t i c a l  because a substant ia l ly  small- 
er  volume of this material was used. 

This problem was f i r s t  encountered during the thermal/ 
I t  occurred 

Subsequent investigation showed 
The 

T h i s  same shrinkage occurred in  other 

Because of the severe schedule pressures which by this time existed 
i n  the program, a multiple approach t o  the problem was undertaken in- 
volving a number of potential  f ixes .  
problem was elimination of the potting material and subst i tut ion of 
conformal coating. The solution additionally i ncorporated mechanical 
strengthening of the uni t  t h r o u g h  the use of spot bonding of  components 
which became necessary because o f  the elimination of the f u l l  p o t t i n g .  
Solution of this problem required large expenditures of money, extreme 
compression of the overall spacecraft level t e s t  program, and a con- 
siderable period of time w i t h  delivery of the 1 s t  successful PES on 
May 7. 
24 hour usage dur ing  the period, and involvement of h i g h  voltage experts 
from TRW and other organizations. 

The eventual solution t o  the 

Two large TRW thermal/vacuum chambers were relocated t o  ATC f o r  

d 
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The i n i t i a l  engineering so la r  thermal vacuum t e s t s  on the qua l i f ica t ion  
subsa te l l i t e  indicated in-orbi t subsa te l l i t e  temperatures s ign i f icant ly  
colder t h a n  e a r l i e r  predictions indicated,  and also indicated excessive 
temperature drop  dur ing  the 3 1/2 hour eclipse.  This proved t o  be a 
s tubborn problem t o  solve and required considerable time and e f f o r t .  
The solution consisted of many design changes which  increased the gen- 
eral  temperature level of the subsa te l l i t e  and reduced the r a t e  of 
temperature drop by isolat ion of the spacecraft i n t e r i o r  from the 
ex ter ior  surface. The de ta i l  design changes were as follows. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Transponder stand-offs changed from aluminum t o  f iberglass .  

Heat sink and thermal insulator  w i t h  washer stand-offs added under 
Fields Experiment Subsystem Electronics package. 

Removed white p a i n t  from platforni #5, the boom brackets, analyzer 
s u n  shades, and connector backet, and thermally insulated the p l a t -  
form and mounted equipment with a multi-layer kapton insulating 
b l  anket 

A l u m i n u m  fo i l  tape was added t o  the outside of the e n t i r e  DSU and 
i t s  mating platform and the s ide of the #3 platform facing the DSU, 
the cable clamps on the magnetometer boom, the exposed surfaces of 
the par t ic les  experiment, the outside of the sun  shades and platform 
#1 between the antenna and base ring. 

Fiberglass washers added between the so la r  a r ray  in se r t s  and the 
equipment platform, and under the bol t  heads attaching the so l a r  
array. 

Added a multi-layer mylar blanket t o  platform #1, covering the inside 
of the base r i n g  and t o  the outside of the f iberglass  booms. 
a s ing le  layer of aluminized mylar covering t o  the inside of the 
so la r  panels. 

Added 

Added a multi-layer k a p t o n  insulation blanket wrap t o  the central  
portion of the NR-interfacing r a i l  bracket; the exposed r a i l  ends 
were a lso cdvered with aluminized mylar tape. 

The inside of the pa r t i c l e  experiment sun shades were painted black. 
Also added f iberglass  stand-off washers between the sun shades and 
the curved p la te  analyzer, and between bol t  head and the shades. 
Added e l ec t r i ca l  ground straps between the shades and the analyzer 
housing. The straps were required because of thermal isolat ion.  

Added balance weight t o  platform #3, t o  s t a t i c a l l y  balance the sub- 
satel 1 i t e  f o r  counterbalancing the changed thermal materials. 
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During thermal-vacuum tes t ing  o f  the Flight #l P & F Spacecraft, a 
s t ruc tura l  failure occurred i n  the inboard f iberg lass  reinforced plas- 
t i c  tube of one of the spacecraft  balance booms on Apri 1 26, 1971. The 
tube had f a i l ed  a t  a p o i n t  approximately one foot from the attachment 
bracket a t  the spacecraft  and was hanging downward a t  approximately 90°. 
A second balance boom had a d i s t i n c t  bow in approximately the same 
location. The f a i lu re  was of a duc t i l e  nature. In the investigation 
the boom temperature du r ing  the t e s t  was calculated as reaching 210OF. 
Also, the boom material was found t o  suf fer  a shapp reduction i n  
mechanical properties above 160°F su f f i c i en t  to  r e su l t  i n  the bending 
f a i lu re  while the lg environment of an Earth-bound t e s t  chamber i s  
applied. 
the zero "g" conditions. 
the time of the f a i l u r e  was aluminum tape covering the f iberg lass  tube. 
Corrective action was t o  change the thermal covering t o  be an 8-layer,  
1/4-mil thick alumnized Mylar sp i ra l  wrap covered with a layer of 2-mil 
aluminized Mylar', Mylar s ide  outwards. 
boom temperatures were 29°F a t  the center of the inner segment and 
t h u s  the problem was solved. 

Such fa i lures  would not be anticipated i n  o r b i t  because of 
The thermal configuration of the booms a t  

During the t e s t  a f t e r  the f i x  

A leak developed in the boom damper of the qua l i f ica t ion  s u b s a t e l l i t e  
du r ing  an engineering so la r  thermal vacuum t e s t .  The  o i l  was seen in 
the upper platform inside the boom brackets. 
up i n  FIAR #TRW-PFS-0072 of April 8. 
low coeff ic ients  of f r i c t ion  tef lon seal covers of  the secondary piston 
allowing f lu id  t o  leak past  the O-ring and out of the assembly a t  low 
temperature. These seals  a re  located over the O-rings. The cause of 
the damper leakage i s  a t t r ibu ted  t o  r e l a t ive  separation between the 
pis ton sha f t  and the tef lon seal covers which was in tens i f ied  a t  re- 
duced temperatures (see Figure l a ) .  This i s  explained by noting t h a t  
the piston sha f t  contracts a t  reduced temperatures whereas the tef lon 
0-Ring assembly remains r e l a t ive ly  unchanged leaving a small gap. 
The correct ive action was t o  remove the tef lon sea l s  from the secon- 
dary pis ton,  replace the exis t ing cap w i t h  a new p a r t  which will 
accommodate a s t a t i c  seal against  the cylinder and redundant 0-Ring 
against  the main piston shaf t .  The cylinder was refaced t o  provide 
for  the s t a t i c  seal .  Lock- 
wiring of the f i l l -screws and n u t  were removed and epoxy f i l l e t s  were 
added t o  prevent loosening during vibration. These changes were made 
t o  a l l  P & F units. 

This f a i l u r e  was writ ten 
The problem was localized t o  the 

Lock-wire holes were plugged w i t h  epoxy. 
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I 

Corrosion was found on the F l i g h t  #1 Battery Assembly a f t e r  i t  had 
successfully completed the functional portion of i t s  u n i t  level 
acceptance tests and prior t o  integration into the F l i g h t  #1 sub- 
s a t e l l i t e  (Fai lure  Investigation Action Report (FIAR) #TRW-PFS-0063). 
The corrosion was due t o  a small amount of e lec t ro ly te  leakage. 
When the case was opened i t  was found t h a t  ce l l  #8 had ruptured  and 
had a "y" shaped crack completely across the header. Also c e l l s  7 
and 9 niay have had ha i r l i ne  cracks. 
the header and using a tracer.  
b u t  had a screwed on cover and was completely f i l l e d  w i t h  an encap- 
sulant.  
the addition of a f iberg lass  header onto the ce l l  pack pr ior  t o  en- 
capsulation, and a l so  change of the encapsulant from PR4-2-2 t o  the 
less br i t t l e  RTV 8113 (PR4-1-7). 

The cracks were found by m i l l i n g  
The case was not hermetically sealed 

The leakage was found under the cover. Corrective action was 

A diode f a i l u r e  occurred dur ing  the thermal/vacuum portion of accept- 
ance testing of DSU S/N 001 on November 18, 1970. 
e r ror  segments of 8 words read l 'O"'s instead of " 1 " ' s  every 64 words 
indicating the output data was not the same as the d a t a  which had been 
entered. Investigation indicated t h a t  two diodes, CR21 and CR58, both 
o f  the same type (PT4-2311), fa i led open. 
cal overstressing of the par ts  by the hi-temp s h r i n k  sleeves due t o  i n -  
correct  application of heat during the manufacturing process. 
the procedure was changed to require a closed-loop heat g u n ,  and the use 
of a d i f f e ren t  type of sleeving. The  analysis was not completely conclu- 
sive such t h a t  there remained the poss ib i l i ty  t ha t  the cause m i g h t  be the 
par t  i t se l f ,  therefore the type of diode, and the dio e manufacturer were 
also changed as a precautionary measure. All PT4-2311's were replaced by 
FHA 600's (screened by TRW) i n  a l l  f l i g h t  u n i t s ,  and i n  the qual i f icat ion 
u n i t  DSU. T h i s  change was par t icular ly  s ign i f icant  because of the number 
of these diodes used throughout the P & F System. 

A t  + l O O ° F  

T h i s  was a t t r ibu ted  t o  mechani- 

As a r e su l t ,  
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c #,'" 1. ' ' 
d. 

FIAR 
NO. 

0001 
0002 
0003 
0004 
0005 
0006 
0007 
0008 
0009 
001 0 
001 1 
001 2 
001 3 
001 4 
001 5 
001 6 
001 7 
001 8 
001 9 

320 
d02 1 
0022 
0023 
0024 
0025 
0026 
0027 

'0028 
0029 
0030 
0031 
0031 
0032 
0033 
0034 
0035 
0036 
0037 
0038 
0039 
0040 

_c 

i 

', . . i 

DATE OF 
FAILURE 

10/29/70 
10/30/70 
1 1 /03/70 
11 /12/70 
11/18/70 
11 /21/70 
11/24/70 
1 1 /24/70 
1 1 /25/71 
11/27/70 
11 /28/70 
11 /30/70 
12/7/70 
1 /7/71 
1/10/71 
12/30/70 
1 /4/71 
1/23/71 
7/27/71 

1' 2/2/71 
2/2/71 
2/2/71 
1 /29/71 
211 1/71 
1/27/71 
2/22/71 
2/ 27/71 
2/27/71 
3/2/71 
2/2/71 
2/18/71 
2/23/71 
3/3/71 
3/5/71 
3/8/71 
1/7/71 
12/4/70 
12/11/70 
1/17/71 
1 /20/71 
1 /20/71 

i t .  
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5 TABLE f .  TECHNICAL PROBLEMS ENCOUNTERED li, 

UNIT 
SERIAL NO. 

Rcvr 001 
Xmtr 001 
Rcvr 001 
DSU 001 
DSU 001 
DEU 001 
DSU 001 
DEU 001 
Xpndr 001 
DSU 001 
DSU 001 
Rcvr 001 
DEU 001 
Bat t  Assy 001 
Bat t  Assy 001 
Xpndr 002 
SEU 002 
Bat t  Assy 001 
Bat t  Fssy 001 
Sun Sensor 001 
Sun Sensor 003 
Sun Sensor' 004 
DEU 003 
B & t t  Assy 004 
Antenna 002 
FES 002 
PES 001 
PES 001 
PES 001 
Xpndr 003 
DEU 003 
DEU 003 
Xmtr 003 
SEU 003 
FES 003 
Antenna 002 
Antenna 002 
PES 1-1 
PES 1-3 
PES 1-1 
PES 1-1 

i. .. - . 
i l .  

. ? %  
I . - . 

+- * :, 

.I' 

DESCRIPTION OF FAILURE 

Coherent Drive Level Low 
Low Voltage a t  A2Q3 
Intermodulation Not 15db Beiow 
Error L i  te-Vi b 
Readout Incorrect,  PT4-2311 'Open 
Data Not Shi f t ing ,  C1276 Short 
Error Lite During , X - V i  b 
Incorrect Readout, Cf 276 ' s Shorted 
+28V Current Went t o  Zero 
Improper Vib  Inputs 
Memory Address Stopped 
Threshold Center Frequency High 
Vibration 30" Off  Required Axis 
Protection C i  rcui t Did Not Work 
Protection Circui t  Did Not Work 
Intermodulation Too High  
Incorrect O u t p u t  
Reverse Current T h r u  S h u n t  
Regulator Swi t c h i n g  Er ra t ic  
Sens i t iv i ty  @ u t  of Tolerance 
Sens i t iv i ty  O u t  of Tolerance 
Sens i t iv i ty  O u t  o f  Tolerance I 

Improper Ou t p u t  
Protection Cirhi t Inoperative 
Power t o  Acquire i s  High 
Incorrect Response 
Potential  Flechani cal Overstress 
C1 -A1 Frequency S hi f t - 
High Vol tage Dropped 
Reference TDP 58471 
X-his Interrni t tent  O u t p u t  Error 
X-Axis Intermittent O u t p u t  
Low Power Board O u t p u t  Intermit tent  
Low Voltage O f  0.98 mV; Should  Be 1 .OO niV Min 
Noise on O u t p u t  Lines (Time Zero) 
Pattern Repeatahil i ty Out-Of-Spec 
P.xial Ratio High 
Anal #1 - Lack o f  Electron Counting 
Anal 
Anal 
Apal 

. 
f '  I 

. ,  

I 

E; 

#3 - Test Input Wire Reversed 
#3 - No O u t p u t  From 404 Discriminator 
#4 - No O u t p u t  From 406 Discriminator 

._  
..L 

. ~ .  :( 1' 
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I ' \BLE 1. TECHNICAL PROBLEMS ENCOUNTERED (Continued) 1 

FI AR 
NO. 

004 1 
0042 
0043 
0044 
0045 
0046 
0047 
0048 
0049 
0050 

"OT5 1 
0052 
0053 
0054 
0055 
0056 
0057 
0058 

459 
~1160 
006 1 
0062 
0063 
0064 
006 5 

-. 0066 
0067 
0068 
0069 
0070 
007 1 
0072 

007 3 
0074 
007 5 
0076 
0077 
0078 
0079 
0080 

- 
DATE OF 
FAILURE 

1 /23/71 
1 /25/71 
1/25/71 
2/1/71 
2/3/71 
2/4/71 
2/23/71 
21 231 7 1 
2/25/71 
3/12/71 
3/15/71 
3/22/71 
3/22/71 
3/24/71 
3/27/71 
2/25/71 
3/21/71 
2/18/71 
3/9/71 
3/21 /7! 
3/28/71 
3/28/ 7 1 
3/31 171 
4/3/71 
4/5/71 
4/2/71 
3/19/71 
4/2/71 
11 /24/70 
4/2/71 
4/1/71 
4/8/71 

3/3/71 
4/10/71 
4/10/71 
4/10/71 
4/13/71 
4/18/71 
4/20/71 
4/21 /71 

It 

1 ' .  

UNIT 
SERIAL NO. 

PES 1-1 
PES 1-1 
PES 1-1 
PES 1-1 
PES 2-2 
PES 2-3 
PES 1-1 
PES 2-2 
PES 2-2 
Antenna 001 
PES 001 
FES 002 
FES 003 
PES 001 
PES 001 
PES 1-1 
PES 1-1 
PES 2-2 
PES 2-2 
PES 2-2 
PES 2-2 
PES 2-2 

PES 2-2 
PES 2-2 

Bdtt Assy 002 

Xm t r 003 
Batt Fssy 002 
FES eo1 

SS 001/Batt 001 
SS 001/Batt 001 
SS OOljDamp .Assy 

ss 001 
PES 2-2 

DSU ,001 

4,58;6 

PES 2-2 
PES 2-2 
PES 2-2 
Batt Assy 005 
ss 002 
PES 2-3 

: .I , .. . .. . ... 
% P. 

3- 
8 %  

-. . 
,. DESCRIPTION OF FAILURE 

Anal #3 - Peak Energy Shifts Lower 
Experiment Model 112 Has No Output 
Anal #3 - No O u t p u t  from Flodel 405 
Anal rY4 - High Voltage Output Incorrect 
Telescope #11 - Shield/Vac. Chamber Resistance Too H i s  
Anal #1 - Count-Pate Problem Due t o  Test-Equipment 
Experiment Test Interruptions Due t o  Bad Data 
Experinient PCU Fai led 
Experiment DS 2 Shorted 
Axial Ratio H i g h  
Experiment 3.75 kv  O u t p u t  Shorted t o  Ground 
Sensor Assembly Out o f  Spec 
Sensor Assembly O u t  o f  Spec 
A t  - 35°F and 2 . 5 ~ 1 0 ' ~  Pressure High Voltage Erratic 
A t  - 78°F and 5x10'8 Pressure High Voltage Erratic 
Mechanical and Electr ical  O u t  o f  Spec Condition 

Analog #3 .- +4.6 Vol t  Line Shorted 
PES - Corona Discharge a t  Vacuum 
PES - High Volt Incorrect 
PES - Channel A Osci l la tes  a t  PCU Rate 
PES - Fund. s / b  (49mV f o r  DSU +5V i s  54 mV , . 
KOH Seeping From Battery Case 
H . V .  Does Not Turn-On and +37V Line Shorted 
H . V .  E r r a t i c  P Q ..!.** 

Cell #8 Voltage tow a t  $re Vibration Test 
Noise Level Above Spec Requirements 

Smoke Was Observed F r h  Battery Assembly (P.42 & 33) 
Battery Assembjy 10 & 1 2  Blown 

Damper Assembl i e s  Leaking Oi 1 
Battery Assembly & DEU Bond Resistance Over 50n 
P-P Ripple Spikes & Power Supply LOW Volt 
Unable t o  Obtain A1 (300V) & (1000) Volts-  

HV Osci l la t ion a t  -36°F i n  Vacuum 
Board A 8 ,  Connect J1,  Pins 34 & 35 Reversed 
Battery Overheated Due t o  Fac i l i t y  Air Cond. Problem 

i 

6 

_. . . ,. 

' * .  1 * 

No Analog #1 Logic C u t p u t  .' 
* ,., _I 

1 .  

1 -  

? I  

1 

* e  

HV Arcing a t  -35"F/Vacuum .I 

A3 (Module 403) Has No O u t p u t  * .' . .; -= 

d 
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"SLE 1. TECHNICAL PROBLEMS ENCOUNTERED (Continued) 
Q 1 

- .  

FIAR DATE OF 
NO. FAILURE 

a081 4/26/71 
0092 4/27/71 
0083 4/28/71 
0084 5/1/71 
0085 5/4/71 
0086 4/21/71 
0087 5/5/71 , 
0088 5/4/71 
0089 5/9/71 
0091 ( 2 )  5/8/71 

- 

0092 
0093 
0094 

0095 

0096 

0097 
8 

uu39 
01 00 
01 01 
01 02 
01 03 
01 04 
a01 05 
C l  06 

51 07 
01 08 
01 09 
0110 
0111 
01 12 
01 13 
0114 
0115 
0116 
0117 
0118 
0119 
01 20 

s 

5/15/71 
5/8/71 
5/21/71 

5/20/71 

5/21 /71 

1,6/13/71 
5/16/71 
6/12/71 
6/1 C/71 
6/16/71 
6/22/71 
6/24/71 
6 /  301 7 1 
7/7/71 
7/8/71 

7/19/71 
7/20/7 1 
8/24/71 
11/18/71 
12/7/71 
12y S i ?  1 
12[1'3/71 
12/16/71 
12/28/71 
l./ 3/ 72 
Tf84rZ2 
t-F14/72 
2/3/72 
2/25/72 

7 

UNIT 
SERIAL NO. 

SS 002/Boom Assy 

SS 002/GSE 
PES 2-3 

PES 2-3 
PES 2-3 
PES 2-3 
.PES 2-3 
PES 2-3 
PES 2-2 
SS _002/DEU 002 
SS OOl/FES 003 

SS 002/Batt 

SS 001/Booni Assy 
004&005 

SS 001/Batt k s y  
00 1 

SS 001/FES 003 
Antenna 001 
PES 2-4 
PES 2-4 
PCS 2-4 
PES 2-4 
PES 2-4 

PES 2-2 

Assy 005 

PES 2-4 

SS 003/PES 
SS 003/Batt Pssy 

SS 003/DEU 002 

SS 003/DEU 002 
F l t  2 S/C 

003 

SS 003/PES 2-4 

PES 2-2 
PES 2-2 
PES 2-2 
PES 2-2 
PES 2-2 

PES 2-2 
Transponder 003 

Battery Assy 003 
Flight 1 S/C 
PES 2-2 

DESCPIPTION OF FAILURE 

* 
I ;  

Boom Assenhly A m i  Bent r 
Telescope B Assembly 12 Threshold Too High 
Word 30 Error due t o  GSE Frequency Drift 
Chassis Gnd. 8 mi2 S/B )100ms~; Anal #1 Damaged 
No CA-HY Due t o  P4od 706 Shiled Shorting 
Analog #3 Mod 403 Noisy or No O u t p u t  Due t o  Corona 
Gross Power Consunrpti or? Clue to  Damaged Resistors 
Analyzer P la te  Voltage O u t  of Spec 
All Power Went to  "0" 1Jtiile Approaching Qual. Vib 
DEU Count Error S ( A + B )  5 
Faulty Calibration Reading Due t o  Cold Solder Join 
O u t  of Spec Voltages/Spec t o  be Rev. 

Fuses F9 & F12 Blown Due to  Mishandling 

Lateral Boom Offset O u t  o f  Spec (i*eqmt too t i g h t )  

Fuse F12 Blown Due t o  Yishandling 
EA & Eg O u t  o f  Spec Due t o  Operator Error - i. 

Incorrect Bonding of klasher t o  S/C 
Incorrect Test Signal From GSE 
Gl p1 G 2  Grounds Shor ted  Due to  Pinched Wire 
"A" Telescope Fxhi bi t s  Excess I3 Errat i  c Noi se 
A1 & A2 H V  € r r a t i c  Due t o  Manufacturing Mishandlin 
Calibration Vode Inoperative Due t o  6ad IC 
H V  Too Low a t  -25°F Due t o  Poor Diode Mounting 
PES 5V Line too tow Due t o  GSE Line Losses 

+ 

.. 

Fuses F2 & F8 Blown Due t o  Handling Accident 
No Low Telescope Counts 
High Telescope Coun t s  - TemDerature Sensor 
No DEU Counts Between 16-31 (ECP nU032) 
F l i g h t  2 S/C f a i l u r e  due t o  Vacuum Chamber4 
Power i n p u t  current reading dipped t o  zero, 
Assembly A2 shorted t o  chassis. 
I n p u t  current low a t  -15°F. 

H i g h  vol tage "turn-off" during T/V. 

i7 i g h  Voltage arcing i n  spacecraft  T/V, 
Fuse wire F12 blown. 
Data drop-out i n  space 
Channel B veto and ca l ib ra t e  l i g h t  out on GSE 

? .  

d v i -  

. v  Input current h i g h  during vibration. 
3 '  

urious Modes on Transmitter - GSE Problem. .. ' 
Y 7 '.?n't,-L ., 

i 7. 

during T/V. 
. L  . -  
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Qualification U n i t  Test History 

On completion of fabrication the main structural  elements of the 
subsa te l l i t e  (substrates,  platforms, booms, e tc . )  were assembled 
toegther for verification o f  the mechanical interfaces. The sub-  
s a t e l l i t e  was delivered t o  the integration and t e s t  laboratory 
i n  this assembled s t a t e  on November 25, 1970. Here i t  was d i s -  
assembled on December 2 ,  k i t s  prenared fo r  a l a t e r  and more com- 
plete  assembly, and the substrates sent t o  the solar  panel fab- 
rication shop for  the mounting and w i r i n g  of the solar  ce l l s .  

Prior t o  commencing the integration of the Qualification subsa te l l i t e ,  
the t o p  platform (#5) was sent to  the engineering t e s t  shop fo r  
proof loading of the l i f t i n g  f ix ture  mounting inser ts  tha t  a re  
bonded into this platform. 

Wi th  the return o f  the top p la t fo rm,  the bui ld-up  and integra€ion 
of the subsa te l l i t e  was started on December 8. The main electr ical  
harness was instal led a f t e r  the antenna, transponder subsystem, 
command decoder, Subsatellite Electronics U n i t  (SEU), and Digital 
Electronics U n i t  ( D E U )  had been mounted. 
Digital Storage U n i t  (DSU), the par t ic les  and  f i e lds  experiments, 
and a power subsystem severely limited the integration and t e s t  
ac t iv i t i e s .  However., the ins ta l la t ion  of the "breadboard" par t ic les  
experiment pow2r supply d i d  permit integration and t e s t  of the 
transponder and par t ia l  data system. 

The absence of the 

T h i s  testing was completed on December 16 to the point tha t  the 
subsa te l l i t e  was capable of being used for  a compatabifity t e s t  
w i t h  the MSFN system. 
December 17 fo r  the f i rs t  part  of this compatibility t e s t  and to 
KSC on January 4 for  the final p a r t  of the t e s t ,  returning on 
January 9. 
completed u n i t  b u t  was quite sat isfactory for these t e s t s .  
u n i t  employed an engineering model PES and d i d  n o t  contain the DSU, 
Battery Assembly, or  FES. These t e s t s  included u n l i n k  command 
channel SNR; sub  BEP and MRR, and  downlink SNI? and B E R .  Primary 
concern was general communications compatabili t.y w i t h  the MSFN 
ground s ta t ion network 
P&F Subsatel l i te  while i n  l u n a r  o rb i t  from stations u s i n g  30-foot 
antennas. The tes t ing a t  MSC indicated operation w i t h  30-foot 
antennas would be marg nal . 
F l i g h t  #I PetF in lunar orb i t  confireled sat isfactory operation 
w i t h  even the uncooled paramp 30-foot sites. 

I t  was transported t o  WSC Houston, on 

The spacecraft used fo r  these t e s t s  was a par t ia l ly  
The 

and the ab i l i t y  t o  comtnunicate w i t h  the 

However actual operation of the 

J 
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, 

When the subsatel l i te  was returned t o  the integration and test  
laboratory a t  TRW the DSU was available for  integration, this was done 
on January 12  and a functional t e s t  of  the data system performed, i n -  
cluding a compatibility check with the TRW ground support equipment 
(GSE) i .e. the PCM decommutation equipment. 

The f ie lds  experiment was the next u n i t  available for  instal la t ion 
and integration on January 13 and th i s  was followed four days l a t e r  by 
the batter.,# assembly i .e. battery, charge control electronics,  and shunt 
assembly, which were also integrated. 

P r i o r  to  performing further functional t e s t s ,  the subsatel l i te  was 
returned to  the wir ing bench for  the instal la t ion of the separatin harness 
and. micro-swi tch assembly. When the instal la t ion was completed the 
ear l ie r  portions of the functional t e s t s  were repeated, the battery v4as 
serviced , and "dry runs" were performed on the telemetry cal i bration 
procedure. 

On completion of these tests the f ie lds  experiment (S/N 001) was 
removed on February 9 from the subsatel l i te  and returned t o  the vendor 
for  re tes t  and calibration checkout a t  UCLA. A t  the same time the sun 
sensor (S/N 003) was received and subsequently i n s t a l  led i n  the subsatel l i te .  

I n  the course of the ea r l i e r  functional tes t s  and on further battery 
checkout, i t  was found the overvoltage protection circui ts  were inoperative. 
The battery was removed from the subsatel l i te  and returned to the u n i t  
engineer for  further investigation. 
several transistors i n  the inoperative c i r cu i t  were "blown" (see TDR 60579). 
Rs th i s  was the "engineering model" bat tery i t  was not returned t o  the sub- 
s a t e l l i t e  b u t  was a t  a l a t e r  date replaced by the actual qualification 
battery ( S / N  001). 

T h i s  investigation showed t h a t  

The "breadboard" particles experiment power supply was a1 so removed 
from the subsatel l i te  a t  this time and the remainder of the subsatel l i te ,  
along w i t h  the boom assemblies, installed i n  a thermal-vacuum chamber 3nd 
exposed t o  a "bake" t e s t  for  60 hours a t  140°F - +5 i n  a vacuum of 5x10- to r r  
to out-gas unapproved materials on February 12.  The solar array panels for 
th i s  subsatel l i te  were also exposed t o  the same "bake" t e s t ,  b u t  i n  a 
separate chamber. 

After the "bake" test the subsatel l i te  was further disassembled t o  
allow rework of the platforms. 
form edges w i t h  an epoxy f i l l e r  and d r i l l ' n q  vent holes into i t  when i t  had 
hardened. Inserts for mount ing  balance weights were also bonded into 
several of the platforms a t  this time. The subsatel l i te  was then re- 
assembled and f i n a l  ins ta l la t ion o f  the available "black boxes" made, i n -  
c l u d i n g  bonding resistance measurement and torque value verification. 

T h i s  rework consisted of f i l l i n g  the p l a t -  

d 
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f i e lds  exper imnt  (S/N 001) wre  ins t a l l ed  i n  the Qualification U n i t  
s u b s a t e l l i t e  as they beconz ava i lab le ,  and w i t h  the aid of  the "bread- 
board" pa r t i c l e s  e x p e r i r m t  power supply f ina l  integrat ion and 
functional testing of the incomplete assembly was started. 

corrosion damaged antenna (known since u n i t  t es t ,  b u t  integrated 
pending fu r the r  disposi t ion)  was removed froni the subsatellite and 
replaced w i t h  the mtcnna (S/N 003) from the F-2 subsa te l l i t e .  The 
S/N 001 antenna was rzturned to  the u n i t  engineer f o r  refurbishnant. 
Also ,  d u r i n g  this period the s u b s a t e l l i t e  was installed i n  the solar 
themal-vacuum chamber and used i n  the checkout and "dry run" of the 
t e s t  set-up. 

While awaiting delivery o f  the pa r t i c l e s  experiment the 

When a Par t ic les  Experiment (S/N 001) was f i n a l l y  received i t  
had an inoperative h i g h  voltage system and only a portion of the 
par t ic les  analyzer functioned. 
experin:ent was sonewhat l imited,  b u t  i t  did permit completion of 
the subsa te l l i t e  assezbly and integration gn  A p r i l  2. A t  this time the fields 
experiment was also changed, w i t h  experiment S J N  001 being replaced 
by experiment S/N 003. In paral le l  with this integration ac t iv i ty  
the thermal instrumentation was ins ta l led .  

Therefore the integration of this 

On completion of an integrated system t e s t  the Qual i f icat ion 
subsatcll  i t e  was instal  led i n  the 30 foot sol ar-thermal-vacuum 
chamber and the thermal proof phase of  the quai i f icat ion solar-  
thernial-vacuum t e s t  s ta r ted .  This t e s t  was aborted on the t h i r d  
day when the temperature data indicated unsatisfactory thermal 
conditions w i t h i n  the subsa te l l i t e ,  

the post t e s t  inspection showed small pools of o i l  on th'e top surface 
of the subsa te l l i t e .  Further inspection indicated tha t  the o i l  had 
apparently come from the boom damper assemblies. 
were subsequently removed from the subsa te l l i t e  and sent  t o  an 
engineering t e s t  laboratory fo r  fur ther  investigation. The investig- 
ation confirmed the damper leakage and recommended a modification t o  
the damper assembly. 
assemblies retes%ed, and on ver i f ica t ion  of the leak test  r e su l t s  the 
assemblies returned t o  the subsa te l l i t e .  

When the subsa te l l i t e  was removed from the thermal-vacuum chamber 

These assemblies 

T h i s  modification was made, the damper 

In paral le l  w i t h  t h i s  work the qual i f icat ion battery was 
removed from the subsa te l l i t e  and reworked t o  Sncorporate modifications 
t h a t  provided the capabi l i ty  t o  monitor, via "hard1 ine",  the battery 
temperature and the s h u n t  curves. A l s o ,  the experiment was removed 
from the subsatel l - i te  and returned to  the respective vendor f o r  re- 
work; the fields experiment f o r  a t u n i n g  modification and the pa r t i c l e s  
experiment f o r  incorporatiop of  a working h i g h  voltage power supply. 

The qual i f icat ion subsa te l l i t e  remained inactive fo r  a period 
while further thermal proof t e s t s  were performed on the Flight 1 sub-  
s a t e l l i t e .  As a result of these t e s t s ,  major thermal modifications 
were made to  the qual i f icat ion subsa te l l i t e  t o  correct  i t s  thermal 
design. A t  the same time the reworked battery and par t ic les  experiment 
were re ins ta l led  i n  the subsa te l l i t e .  However the rework on the 
par t ic les  experiment had been unsuccessful 
supply was s t i l l  inoperative. 

and the high voltage power 
Also, as the f i e lds  experiment was a t  

4 



. 
8220.57-1 -68 
Page 42 

th i s  time s t i l l  undergoing re tes t ,  a "dummy" experiment, representative 
as a thermal model, was installed in i t s  place in the subsatel l i te .  

Durina lvlav the reassembly. of the qualification u n i t  subsatel l i te  was followed 
oy the ins ta l la t ion  of thermal instrunisntation, the performance 
of a limited functional t e s t ,  and f inal ly  ins ta l la t ion  i n t o  lhe 
30 foot chamber for a repeat test o f  the thermal proof phase of 
the qualification thermal-vacuum test. 

The thermal proof test  was discontinued a f t e r  the performance 
of only eight orbits and an extended eclipse where the data showed 
t h a t  the thermal design modifications had been successful i n  
correcting the e a r l i e r  thermal problems. The subsatel 1 i t e  was 
then removed from the charber and t h e  par t ic les  experiment 
and "dumirly" f ie lds  experiment removed from the subsatel l i t e .  

Mhen the reworked and retested f ie lds  experiment (electronics 
SIN 003 and sensor SIN OO5)were received back from the vendor 
they were reinstalled in the subsa te l l i t e  and the assembly 
closed-up , "bagged", and mounted horizontally in the NAR f i t  
check tool f o r  the performance of  a special battery service t e s t .  
The tes t  was t o  establish the l ikely temperature margin available 
in  the SIM Bay when the battery is  being charged and 
discharged in t h a t  location. 
indicated t h a t  provisions should be made t o  ensure a 
flow of cool dry a i r  i n  the SIt4 Bay t o  keep the sub- 
satel 1 i t e  cool dur ing  battery servi ci ng. 

The results o f  this  tes t  

The formal qualification test program began when a 
par t ic les  experiment (S/N2-2) wi t h  a working h igh  
voltage power supp ly  was f ina l ly  received. Mhen th is  
experiirint was instal  led and integrated, the f ie lds  
experiment was also ful ly  integrated , functional 
testing completed, power prof i le  measurements and 
t e l e w t r y  c a l i b r a t i o x  repeated, and the subsa te l l i t e  
closed-out . 
mentation was instal led and final minor thermal niodi- 
f ications made t o  "trim" the thermal design for  the 
requi red o rb i  t a l  temperatures. Horrcver , pr io r  t o  the 
close-out i t  was found t h a t  the magnetometer Ep axis 
in f l  i yht-cal i brate  ci rcui t was n o t  functioning and the 
electronic unit had t o  be returned t o  the vendor for 
repair .  This was accomplished the same day, as the 
problem was found t o  be the f a u l t  of a cold solder 
j o i n t .  

On completion of this work an integrated systems tes t  
was perfornied on the subsa te l l i t e ,  then the subsa te l l i t e  was 
moved t o  the engineering t e s t  bay fo r  a pre-vibration 
measurement o f  the balance boom position. This was 
followed by a 3-axis acceptance level vibration t e s t ,  
during which the Z-axis had t o  be perforwd twice t o  
resolve ins trunentation problems w i t h  the mi cro-swi tch 
monitors. 

Duri ng the cl ose-out the vi brati  on i ns tru- 

1 
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After the completian o f  the acceptance vibration tes t  a limited 
functional t e s t  was perforred. When the d a t a  from th i s  t e s t  
was verified as good the subsatel l i t e  was exposed t o  a further 
3-axis vibration, t h i s  time t o  qualification levels. This t e s t  
was a l so  followed by a limited functional t e s t ,  and then the 
positions of the balance booms again mnasurcd t o  Yerify tha t  
they rnaintaincd the i r  position within the allowable tolerance, 
i n  spite of exposure t o  prolonged vibration levels. 

During the post-vibration wasur-ement o f  the deployed 
balance boo12 positions i t  \.ras found t h a t  the vibration 
test had caused dailsge t o  the boom retaining bracket. 
B u t  2s the bracket was not  darxaged t.o the p o i n t  o f  
causirtg a premature Doom release i t  was n o t  considered 
a f a i  1 w e .  tlmever , furt!ier i nvcs t i  gation was conti nGed 
i n  t h e  pwblern, i n c l u d i q  a special vibration t e s t  w i t h  
the n:ass xodel subsatel l i te .  

While ttic investigation continued on the mass model 
subsztel 1 i t e  , the qual i f i  cati  on subsatei 1 i t e  was 
therrr,,ally instrumxnted ar,d instal led in the 30 f o o t  
charier f o r  the s t a r t  o f  the qua: i f i  cation sol ar-thermal- 
vacuim t e s t .  
and vias very stlcccssfill , with no proSlems being experienced 
and the pdrti clcs experinmt high voltage power suppTy 
reniatining stz!ilc throughout  the t e s t .  

The  qualification tes t  program was completed w i t h  the 
performar,ce of the i i  nal i n t q r a t e d  sys terns t e s t  . 
This  t e s t  \.ras also successful and a review of the da ta  
showed the subsa te l l i t e  t o  have met the requirements 
o f  the  qualification t e s t  program. 

This t e s t  ran,  a t  vacuum, for  over 20rS hours 

Key events i n  integration and test o f  the  qualification u n i t  
P&F Subsatell i te were: 

Date -- 
25 Novem!>er 
2 December 
4- 13 December 

13-16 December 
17 kceniber 

Event - 
Rpcpived Qual spacecraft structure crw manufacturing 
Disassembled structure per HC-2l r~Wl NC.  
Partial assembly and integration iii preparation for  
MSFN testing. 
Performed engineering r u n  on procedure HC-21s-01. 
Shipped partially assembly qualification spacecraft t o  
MSC Houston for MSFN comoatabili+. test. 
contained an engineering tvodel 7”5, and d i d  no t  contain 
the DSU, FFS or  Battery Assembly. 

The  spacecraft 
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Date 

18-31 Dec. 
4 Jan. 
5-6 Jan. 
6 Jan. 
12 Jan. 
12-15 Jan. 
18  Jan 

2-11 Feb. 
12-15 Feb. 

2 March 
4 March 
4 March 
9 March 
22 March 
24 March 
25-26 March 

26 March 
30 March 
31 March 
1 A p r i l  
1-2 April 
3-4 April 
4-8 A p r i l  
8-9 April 

29 April 

Event 

Engineer ing MSFN Compatability Tests a t  MSC 
Shipped Spacecraft  t o  KSC 
Performed Engineering Test of TCP-KL-6007-LMID 
Spacecraft Returned t o  TRW 
I n s t a l l e d  DSU S/N 001 
Performed Engineering Run of HC-21S-01 

Ins ta l  fed Battery Assembly S/N 004 
Performed Engineering Run o f  HC-21S-01 
60 Hour Thermal /Vacuum "Bake-Out" of Spacecraft f o r  

I n s t a l l  Battery S/N 001 
I n s t a l l  Engineering Model PES 
I n s t a l l  FES S/M 001 
S t a r t  Test Procedure HC-21s-O1A 
Replace Antenna S/N 001 by S/N 003 
Ins ta l  1 Wobble Damper S/N 004 
Perform Engineering Compatabi l i  t y  Check out of Thermal 

Vacuum (Mfg - Non Functional) 
Remove FES S/N 001 f o r  RTV Mods 
Remove Engi  neeri ng Model PES 
I n s t a l l  FES S/N 003 
I n s t a l l e d  PES S/N 1-1 (non-f l ight ,  HV-Inop) 
Performed Remainder of HC-21s-O1A 
Performed Engineering Run of HC-21s-04 (Mfg. Test) 
Performed Qual T/V HC-2lS-06 Thermo Phase (Eng. Test) 
Performed Solar  Array Evaluation w i t h  S/S i n  

Ins ta l  1 Modified Booms 

O u t  gas s i ng 

T/V (non-op) 

d 
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Date 

5-6 May 

6-8 May 
10 May 
13-14 May 

15 May 

15-17 May 
17-18 May 
18 May 
18 May 
19 May 
19 May 
19 ,  20 May 
20 May 
20 May 
21-30 May 
31 May 
31 May 

Event 

Perform Engineering Run on HC-21S-05A (Mfg. Test) 

Perform Thermo Phase HC-21s-06 (Eng. Test) 
Remove PES S/N 1-1 
Perform Engineering Run on HC-21T-03 (Mfg. Test) 

I n s t a l l  Operative PES S/N 2-2 and Star ted  Formal Test 

Performed HC-21s-O1B 
Performed HC-21S-04D 
Performed HC-21 S-02NC 
Performed HC-2 1 M-02NC 
Performed 3 Axis Acceptance Vibration HC-21A-O1B 
Performed HC-21S-05A 
Performed HC-21 Q-01NC 
Performed HC-21s-05A 
Performed HC-21s-02NC 
Performed Solar  T/V HC-21S-06BL 
Performed HC-21S-04D 
The Qual i f icat ion Program is  Completed 

w i t h  Non-Flight, HV-Inop PES S/N 1-1 

Without PES 

Program on Qual i f i  cation Uni t Spacecraft  
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7b. FLIGHT 1 TEST HISTORY 

d 

T h e  F1 i g h t  1 spacecraft s t ructure  was received from manufacturing 
November 25, 1970. The s t ructure  was disassembled per HC-21M-01 on 
December 2,  and then EO "A5" was incorporated in to  the -2 platform t o  
f a c i l i t a t e  the new battery configuration. 

Assembly and integration of this subsa te l l i t e  commenced on 
11 January. All available units were integrated,  which included the 
"breadboard" par t ic les  experiment power supply , an engineering model sun 
sensor, and the engineering model bat tery,  b u t  excluded the par t ic les  and 
f ie lds  experiment. 
functional t e s t s ,  which were completed on 3 February. Following this, 
the subsa te l l i t e  was disassembled to  accomplish rework of the equipment 
platforms. 
epoxy to  provide sol id  faces ,  and d r i l l i ng  vent holes in these faces to  
permit venting of the honeycomb structure .  

This b u i l d - u p  permitted the performance of preliminary 

T h i s  rework consisted of f i l l i n g  the platform edges w i t h  

During February the separation harness and microswitch assembly was 
Further instal led and a " f i t  check" made with the solar  array assembly. 

modifications were made t o  the main e lec t r ica l  harness t o  monitor the 
battery temperature and s h u n t  buss current. Mechanical work performed 
on the subsa te l l i t e  consisted of "shaving" protrudinq platform inser t s  
and ins ta l l ing  other inserts in the upper and lower platforms t o  accomo- 
date the attachment o f  balance weights.  

This subsa te l l i t e  was also "baked" for  over 60 hours s t a r t i ng  
February 13  to  help reduce possible contamination from outgassing materials. 

After the "bake" test  the Flight 1 subsa te l l i t e  was reassembled and 
used f o r  engineering t e s t s  on various power system anomalies (osc i l la t ion  
and in s t ab i l i t y )  seen on the Qual i f icat ion subsa te l l i t e  du r ing  i t s  t e s t  
proaram. No problem was found on the Flight 1 system and subsequently 
the problems on the Qual i f icat ion system were traced to  t e s t  condition 
constraints.  
i n  the engineering model battery c i r c u i t  boards. t h i s  problem was also 
found on the Qual i f icat ion battery and was eventually traced to  battery 
bench t e s t  grounding problems, 

During this period of time, "blown" t rans is tors  were found 

Integration continued a f t e r  t h i s  t e s t  on Flight 1 when the s u n  sensor 
and f i e lds  experiment became available fo r  ins ta l la t ion .  This continued 
integration vias 1 ikewise performed with "breadboard" par t ic les  experiment 
power supply instal led i n  the subsa te l l i t e .  

4 
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D u r i n g  Apri 1 power prof i 1 e measurements, power system cal i brations,  
and magnetometer system checks were performed and bat tery charging 
operations ver i f ied u s i n g  the Flight #l subsa te l l i t e  w i t h  the bread- 
board PES ins ta l led .  

While awaiting delivery of the pa r t i c l e s  experiment and the F l i g h t  
#1 bat tery the thermal modification resu l t ing  from the therinal proof 
test  on the qua l i f ica t ion  subsa te l l i t e  were ins ta l led .  

voltage power supply was inoperative,  however, this did not prevent i t  
from being integrated i n  accordance w i t h  the procedure. 
#1 bat tery (S/N O O S }  was a l so  integrated a t  t h i s  time and was found t o  
have the shunt current monitor and bat tery temwrature monStor wired 
incorrect ly .  
connections. 
were conpleted a t  this time and telemetry cal ibrat ions and systen 
functional t e s t ing  begun. 
rechecked. 

When the pa r t i c l e s  experiment (S/N 2-2) was delivered the high 

The Flight 

T h i s  was reworked by reversing the respective p i n  
The incomplete sections o f  the integration procedure 

Also, the power prof i le  measurements were 

The formal acceptance t e s t  program now s t a r t ed  w i t h  a DCAS 
inspection o f  the subsa te l l i t e  pr ior  t o  i t s  closeout w i t h  the 
in s t a l l a t ion  o f  the so la r  panels. 
integrated systems t e s t ,  which, because of a f a i l u r e  w i t h  the lab- 
oratrjry airconditioning, had t o  be interrupted t o  allow the subsa te l l i t e  
bat tery to cool a f t e r  i t  had reached i t s  allowable temperature 
1 irni t. 
85°F. 

T h i s  was followed w i t h  the f i r s t  

The  ambient temperature a t  this point had reached approximately 

On completion of the integrated systenis t es t  the subsa te l l i t e  
was wated t c  the F l i g h t  f l  launcher assembly, f i t  checked w i t h  the 
NAK t o o l ,  and mounted on the v i b r a t i c n  tab le .  The subsa te l l i t e  
conwleted i t s  three axes acceptance level vibration w i t h  no problems 
evident,  other  than  fixture mating d i f f i c u l t i e s .  

Following a post-vibration 1 imitecf functional t e s t  the sub- 
s a t e l l i t e  was dematec! from i t s  launchers, fur ther  thermal taping 
modifications made, and the thermal test  instrumentation ins ta l led .  

Instead of performing only the acceptance phase of the solar-  
thermal-vacuum test  on the F1 igh t  #l subsatel 1 i t e  , i t  was agreed 
between TRW and MSC, t o  expose i t  f irst  t o  the thermal proof phase 
t o  determine the effectiveness of the new thermal system mod- 
i f i ca t ions .  Four o rb i t s  i n  each o f  the -Cos, + Cos, and Not-mal 
Incl inat ion configurations were planned ,  b u t  as the t e s t  progressed 
i t  became necessary t o  increase the number of o rb i t s  t o  e ight  for  
each configuration, t o  allow the subsa te l l i t e  t o  thermally s t ab i l i ze .  
However, d u r i n g  the fourth o r b i t  of the Normal Inclination phase 
(twentieth o r b i t  i n  the tes t )  i t  was observed tha t  the magnetometer 
boom was bent .  

c l ina t ion  o rb i t s  and to  abort  the tes t  on completion of the extended 
eclipse. 
was examined, then removed from the s u b s a t e l l i t e ,  and subsequently 
found t o  have melted a t  the point o f  f a i l u r e ,  

A t  t h i s  p o i n t  i t  was decided t o  terminate the Normal In- 

This was done and a f t e r  chamber pump-up the f a i l ed  boom 

d 
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As a result of this f a i l u r e ,  and fur ther  e r ro r s  i n  the predicted 

The thermal instrument- 
verws t e s t  temperatures, resulting from the t e s t ,  fu r the r  thermal 
modifications were made t o  the subsatel 1 i t e  
ation was increased on the replaced magnetoneter boom and a l l  booms 
jacketed w i t h  a mylar blanket. 
in the  30 foot  thermal-vacuum chamber and again exposed t o  thermal 
proof phase t e s t s .  
+Cos incl inat ion configuration and two o rb i t s  had been completed i n  
the Normal incl inat ion configuration, i t  was decided t h a t  the thermal 
design was now correct  f o r  those configurations and t h a t  the extended 
ecl i pse could begi n . 

The subsa te l l i t e  was again in s t a l l ed  

After seven o r b i t s  had been completed i n  the 

(On completion o f  the extended ec l ipse  the test was terminated and 
af ter  the pos t - tes t  checks were completed the S/N 2-2 pa r t i c l e s  
experiment was removed from the subsatel 1 i t e  and returned t o  the 
subcontractor ( ATC). 

While awaiting del ivery of a new pa r t i c l e s  experiment ( w i t h  an 
operative h i g h  voltage power supply) a special  bat tery check was 
made t o  ver i fy  bat tery charge procedure HC-21T-02. 
this time fur thzr  small thermal modifications were made t o  
"trim" the sys tein to  the most current  predicted temperature 
requi'rements. 

Also d u r i n g  

During the integrat ion of the new pa r t i c l e s  experiment (S/N 2-3) 
i t  was observed t h a t  the current being drawn froin the pa r t i c l e s  
experinient on +7.8V l ine was approximately 402 qrea ter  than t h a t  
recorded duri ng the i ni t i  a1 integrat ion.  Subsequent i nves ti g- 
ations traced the problern t o  a f a i l e d  zccumulator c i r c u i t  i n  
the d ig i t a l  e lec t ronic  u n i t  (DEU S/N 002). The defective u n i t  
was removed from the subsa te l l i t e  and replaced by the F l i g h t  2 
u n i t  (S/N 003). 

On completion of the integration of the pa r t i c l e s  experiment 
and the DEU,  the power prof i le  measurements , telemetry, ca l ibr -  
a t ion,  and d a t a  system functional checks were repeated. Follow- 
i n g  this the s u b s a t e l l i t e  was prepared f o r  another integrated 
systems test .  However, this t e s t  was aborted when i t  was found 
t h a t  the f l i g h t  bat tery (S/i4 005) had an operational buss o f  
approximately ? 1 .6V (cmpsred wi t h  approximately 13 2 V  on the 
Qualification bat tery)  and could not t o l e ra t e  operating i n  an 
almost f u l l y  charged s t a t e  i n  the intetjrated systems t e s t  con- 
f igurat ion without t r i p p i n g  the under-voltage c i r c u i t  (11 .OV). 
Further t e s t s  were performed on the batterylpower subsystem, 
and a f t e r  much discussion concerning the bat tery operating 
points,  i t  was cigreed tha t  the tes t  could be best  performed 
w i t h  the bat tery i n  a pa r t i a l ly  discharged s t a t e .  
and the integrated systems t e s t  completed successfully;  although 
some d i f f i c u l t y  was experienced w i t h  the f l u x  tank tes t  set-up; 

T h i s  was done, 
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and once again the t e s t  vas also interrupted to  allow the 
battery t o  ccol a f t e r  i t  had reached i t s  temperature limit. 

After a lengthy data review the subsatel l i te  and launcher were 
mated, aligned w i t h  the NAR t o o l ,  and installed on the vibration 
table. However, a f t e r  only one vibration r u n ,  i n  the x-axis, 
direction was receivzd t o  discontinue the t e s t  and t o  remove 
the particles experiment from the subsatell i te f o r  rework, t o  
replace a zener diode. T h i s  was done, b u t  before rework 
comnenced on the experimont, direction was again received, th i s  
time t o  continue w i t h  the t e s t  and not t o  rework the experiment. 
Therefore the experimmt was reinstalled i n  the subsatel l i te ,  
functionally checked; and the subsatel 1 i te reinstalled on the 
vibration table. After a repeat of the post-x-axis functional 
test the acceptance vibration t e s t  continued for  the Z and y 
axes. 

On completion of the vibration and limited functional t e s t s  
the subsatelli t c  was demated from the launcher and prepared fo r  
the acceptance thermal vacuum tes t .  
a special battery capacity check was performed. Using the ful ly  
powered subsatel l i te  as the load ,  the systems was l e f t  operating 
a t  a nominal current o f  approximately 2 amperes u n t i l  the under- 
voltage c i rcu i t  tripped. The elapsed time was recorded and 
totaled 6 hours and 10 minutes. 

The acceptance sol ar-thermal -vacuum t e s t  , the f i r s t  w i  t h  an 
operating h i g h  voltage system i n  the subsatel l i te ,  was very 
successful. Hotrever, one extra h i g h  tenperatwe soak was added 
to  the end o f  the t e s t  sequence t o  verify t h a t  a d a t a  anomaly 
observed i n  the f i r s t  h i g h  temperature soak was not  a resul t  of 
the h i g h  temperature environment b u t  was the resul t  of a data 
system operational sequence constraint. This anomaly was con- 
clusively demonstrated l a t e r  i n  a special data system operation 
t e s t ,  when i t  was shown that  i f  a Telemetry Store Fast command 
5s sent t o  the subsatel l i te  while the d a t a  system i s  i n  Telemetry 
Store Normal i n  the automatic cycle mode, i t  will knock the sub- 
com counter out o f  sequence. 

Duri rig these preparations 

After the acceptance thermal -vacuum t e s t  the particles experiment 
was removed from the subsatell i t e  , reworked and retested for the 
Zener diode change. I t  was then reintegrated i n t o  the subsatel l i te ,  
a limited functional t e s t  performed and the subsatel l i te  transported 
t o  the TRW magnetic t e s t  f a c i l i t y  a t  Malibu, 



8220.57-1-68 
Page 50 

A t  Malibu, the subsatellite was checked for  operational stray fields, 
25 gauss magnetized, and 50 gauss demagnetized conditions. The test  
results from these tests show t h a t  the subsatellite meets a l l  of the 
magnetic specification requirements. 

After the magnetics tests t h e  subsatellite was prepared for the 
final integrated systems test .  During these preparations two fuses were 
replaced in the battery system, these had been found to  be "blown" prior 
to the shipping of the subsatellite t o  Malibu. 
fuses the battery was charged for several hours and then the final 
integrated systems tes t  commenced. 
ful ly ,  and after a careful review of the tes t  data the subsatel l i  te was 
moved t o  the alignment tes t  area. 

After replacing the 

This test  was also completed success- 

The final subsatellite opertions consisting o f  alignments, mass 
properties measurements, subsatellite/launcher mating, and final battery 
servicing iwre perormed and the Flight 1 Acceptance Test Program completed. 

The subsatellite was shipped t o  KSC on Saturday, 29 May 1971. 

Key Events in integration and t e s t  of the Flight 1 Subsatellite were: 

Date Event - 
25 Nov. 1970 
2 Dec. 
11-19 Jan. 1971 
20-26 Jan. 
13-15 Feb. 

25 Feb. 
10 March 
26 March 
31 March 
12 Apri l  
15 April 
17 April 
16-19 April 
20 Apri 1 

Received s /c  structure from manufacturing 
Disassembled structure per HC-21M-01 
Assembly and integration of spacecraft 
Engineering r u n  o f  procedure HC-21s-01 (mfg. tes t )  
60 hour therma/vacuum "bake-out" of spacecraft 
for outgass i ng 
Engineering r u n  of HC-21S-OlA 
Install antenna S/N 002 
Start second engineering run of procedure HC-PlS-O1A 
Install Sun Sensor s/ri JT 1 
Completed Engineering r u n  on HC-21s-O1A (Mfg. test)  
Installed Wobble Damper S/N 002 
Installed PES S/N 2-2 with inoperative h i g h  voltage 
Performed HC-21s-O1B 
Performed HC-21 S-04B (IST) 
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Date 

21 A p r i l  
21,22 Apr i l  
22 Apri l  
23 April 
23-27 A p r i l  
27-29 A p r i l  
29 A p r i l  
29 April 
1 May 
2 May 
7 b y  

7 ,  8 Flay 

11 [lay 
12 f a y  

1 3  Nay 
1 3  Hay 
13 May 
1 3  Nay 
13 May 
14-19 flay 

21 May 
21 Flay 
21,22 May 
23 May 
24 May 
24-26 May 
27 May 
28 May 
28 May 
28 May 
29 May 

9-11 r.ky 

19-20 May 

Event 

Performed Rigging HC-21M-02 N / C  
Performed Acceptance Vibra t ion  HC-21A-OlB 
Performed Limited Funct ional  HC-21s-05 A1 
Performed De Rigging Hc-211.1-02 N / C  
Performed S o l a r  T/V HC-21S-06 W/C 
Reworked Booms 
Incorpora ted  Thermo Mods 
S t a r t e d  S o l a r  T/V Re-Test f o r  Booms 

Completed Extended E c l i p s e  and Effort on HC-21s-06 NC 
Removed P a r t i c l e s  Experiment S/N 2-2. 

I n s t a l  l e d  Particles Experiment S/N 2-3 (first 
f u l l y  o p e r a t i v e  PES) 
Perf omed HC- Z? S-01 6 
Performed HC-21S-04C 
Performed Mating p e r  HC-2lM-02 
S t a r t e d  HC-21A-OTCI bu t  Aborted Test f o r  PES S/N 2-3 
Removal 
R e i n s t a l l e d  PES SjN 2-3, No Rework Performed 
Performed HC-21s-OI-B 
Res tar ted  and Completed HC-22A-01C1 
Performed HC-ZlS-05A 
Performed Demati ng Per HC-21M-02 
Performed HC-21S-06R ( S o l a r  Thermal Vacuum} 
Reworked PES S/N 2-3 With Diode Replacement 
Performed HC-21 S-OICS 
Performed HC-21S-05A 
Performed HC-21K-O1A a t  Malibu 
Performed HC-21 S-04D 
Performed HC-21S-02NC 
Performed HC-ZlS-03Bl 
Performed HC-21T-03NC 
Performed HC-21M-OlA2 
Performed HC-21M-02NC 
Government Inspec ted  and Accepted 
Shipped t o  KSC 
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7c. FLIGHT 2 TEST HISTORY PHASE I 
( 11 /25/70 - 7/26/71 ) 

The spacecraft  s t ruc ture  was received from manufacturing November 25, 1970. 
Between December 2 and March 12  limited work was done on the s t ructure  and 
so la r  panels i n  preparation f o r  mechanical and e lec t r ica l  assembly. The 
honeycomb platform edges were epoxy f i l l e d  and d r i l l ed  and inser t s  were 
in s t a l l ed  i n  the upper and lower platforms t o  accommodate the attachment 
of mass balance weights. Also, the lower paatform and adapter r i n g  were 
assembled i n  preparation for  mechanical and e lec t r ica l  assembly. 

Approximately June 2 when work was completed on the Fl ight  #l and 
Qualification subsa te l l i e s  integrat ion commenced on the Flight #2 u n i t .  
The transponder, command decoder, s u b s a t e l l i t e  e lec t ronics  u n i t ,  
d ig i t a l  storage u n i t ,  sun sensor, magnetometer e lec t ronics ,  main 
e l ec t r i ca l  harness, and wobble damper were in s t a l l ed  a n d  the pa r t i a l  
assembly placed i n  a thermal vacuum chamber f o r  a "bake" t e s t  . This 
"bake" t es t  consisted of exposing the s u b s a t e l l i t e  un i t s  fo r  60 hours 
t o  an environment of 140°F +5 i n  a vacuum of 5 x 10-5 t o r r ,  t o  out-gas 
unapproved materials.  
separate and ea r l  i er t e s t .  

The Looms and so la r  panels were "baked" i n  a 

On completion of the "bake" tes t  the d i g i t a l  e lec t ronics  u n i t  and the 
"breadboard" pa r t i c l e s  experiiiient power supply were in s t a l l ed  i n  the 
s u b s a t e l l i t e  and e l e c t r i c a l  integrat ion s t a r t ed .  During the integrat ion o f  
the bat tery and magnetometer a special  tape recording was made o f  the 
f ie lds  experiment o u t p u t .  This t.ape recording was delivered to  UCLA. 

When the pa r t i c l e s  experiment S/N 2-4 was received on July 3 the i n -  
tegrat-ion was c,oiliplet.ed and system functional tests performed. 
Following t h i s  the so la r  panels were ins t a l l ed ,  s u b s a t e l l i t e  closeout 
performed, and the integrated s y s t m  t e s t  performed t o  coimence the 
formal acceptance t e s t  program f o r  Fl ight  H2. 

On completion of the integrated systems tes t  the s u b s a t e l l i t e  was 
mated to  i t s  launcher and the complete assembly exposed to  a 3-axes 
acceptance vibration t e s t  sequence. The s u b s a t e l l i t e  was then demated 
from the launcher, thermal instrumentation and t es t  cables were 
installed. ,  and t3e s u b s a t e l l i t e  i n s t a l l ed  i n  the  3 0 f o o t  solar-thermal 
vacuum chamber. 

Following a comprehensive 7 day solar-thermal -vacuum acceptancr? t e s t  
the s u b s a t e l l i t e  was transported t o  t h e  TRIi Magnetic Test Site a t  
Malibu. 
magnetization. After this i t  was p u t  through the f i n a l  inteyrated 
systems t e s t  and  f i n a l l y  aligned, bzlanced, weighed and mxrients of 
rnertia and ;os'ltion of center o f  gravi ty  determined. 

During the f i r s t  integrated systems t e s t  i t  was found t h a t  the accumulator 
channel #4 i n  the DFU did nor: show any counts lower t h a n  256; d u r i n g  the 
solar-thermal-vacuum t e s t  2nd the second integrated systems test  i t  
was foslnd tha t  channel +b in the DEU showed excessive counts from t he  
PES telescope wnen "Cali bratel' and " t e s t  ccntrol"  modes vrere act ivzted;  
also,  during the in s t a l l a t ion  and checkout c j f  the  s u b s a t e l l i t e  i n  th? 
solar-tbermal -vacuum chamber two fuses in the ba t t e ry / t e s t  connector 
Interface were blown. 

Here i t  underwent stray magnetic f i e l d  measurement and de- 

Special t e s t s  were performed to  ver i fy  these 
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discrepancies and a decision was made to  complete f inal  preparation 
o f  the subsa te l l i t e  as a back-up subsa te l l i t e  for  F l i g h t  #1 and t o  
remedy these problems a f t w  the launch of Apollo 15. 

A review of a l l  the acceptance test  data verified sat isfactory per- 
formance of the Flight #2 subsa te l l i t e  (with the noted discrepancies) 
and showed i t  to  have successfully completed the acceptance test  
program. 

The subsatel 1 i t e  was given a "conditional acceptance" as a back- 
up f o r  the launch of the Apollo 15 on July 26, 1971. 
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FLIGHT 2 SPACECRAFT TEST HISTORY 
PHASE 2 (7/27/71-2/29/72) 

28 July 1971 The DEU was tested while installed in the spacecraft 
and i t  was verified t h a t  two accumulator channels were 
not operating i n  the low C Q U n t  range. The DEU was 
subsequently removed for  unit level trouble shooting 
and repair. 

20 September As a result of the problems noted d u r i n g  spacecraft 
testing regarding the tes t  control function in the PES, 
trouble shooting commenced on the above date, 
unit level testing a major problem occurred and the unit 
was subsequently returned t o  ATC for repair and rework. 

During 

22 September The magnetometer was removed for engineering modifications. 
The modifications consisted of doubl ing  the magnetometer 
sensitivity. 
for storage and refrigeration. 

The magnetometer, S/?l 002, was reinstalled in to  the spacecraft, 
The DEU S/FI 002 was also reinstalled into the macecraft. 

The subsatellite was placed i n  the refrigerator 

27 October 

1 November The PES, S/N 2-4, was Snstafled in the spacecraft. The new 
thermal tape was used to  cover the curved plate analyzer 
exposed areas. 

6 November The IST was performed on the spacecraft denoting t h a t  the 
subsatellite was i n  a completely assembled configuration 
ready for acceptance level testing. 

10 November The subsatellite was installed on the shake table for acceptance 
level vibration testing. 
was performed. 

Only the Y axis acceptance vibration 
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15 Novembet- 71 The subsa te l l i t e  was in s t a l l ed  i n  the 7 x 12 foot thermal 
vacuum chamber and the S/C thernml vacuutn was s t a r t ed  
On the morning o f  18 November the thermal vacuum chamber 
l o s t  vacuum causing major e lectronic  c i r c u i t  damage t o  
the subsatell  i te. 
i n  the following units; PES, DEU,  and CDU. 
following units were a l so  removed fo r  limited u n i t  level 
acceptance tes t ing;  the transponder, magnetometer, DSU, 
and SEU. 

Subsequent tes t ing rewaled mal functions 
In addition the 

30 Hovember The subsa te l l i t e  consisting o f  only the battery assembly 
was plaeed i n  cold storage.  

All units w i t h  the exception o f  the pa r t i c l e  experiment 
were re ins ta l led  i n  the subsa te l l i t e .  

22 December 

29 December Ins ta l  led PES S/M 2-2 i n  the subsa te l l i t e .  
a1 1 subsatel 1 i t e  units. 

Refntegrated 

1 January 72 The integrated systems t e s t  was performed on the F l i g h t  #2 
s ubsatell i te. 

2 January Vibration level t e s t ing  was performed on the subsa te l l i t e .  
Only the Y-Y axes acceptance level vibration was performed. 

The subsa te l l i t e  was ins ta l led  i n  the 30 f t .  thermal vacuum 
chartber for solar thermal vacuum test ing.  

G January 

7 January High voltage was turned on and the high voltage was observed 
to  be m a l f u n c t i o n i n g ,  therefore high voltage was turned o f f .  
The s a t e l l i t e  high voltage system was a l l w e d  t o  saak i n  a 
hard vacuum fo r  a 24 hour period. 
voltage on again the abnormal condition s t i l l  existed. A t  
this point, the solar therBial vacuum test was aborted. 

Upon turning the h i g h  

10 January The PES, SIN 2-2, was removed f rom the subsatellite for 
unit level testing i n  a vacuum chamber. 

d 
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19 January 72 PES, S/t4 2-4, was ins ta l led  i n  the subsa te l l i t e  and 

20 January 

21 January 

2 3 J an ua ry 

28 January 

29 January 

30 Ja n ua ry 

3 1 January 

reintegrated per procedure HC-21s-OlB. 

The IST was performed on the subsa te l l i t e .  A vibration 
test was n o t  performed because: 
? )  Removal and ins ta l la t ion  o f  the PES i s  a minor 

mechanical operation. 
2) Flfght 2 subsa te l l i t e  had 3 previous vibrat ion t e s t s .  
3) PES S/N 2-4 was given a fu l l  3 axis vibration t e s t  

just prior t o  ins ta l la t ion .  

The subsa te l l i t e  was ins ta l led  i n  the 30 f t .  so la r  thermal 
vacuum chamber. 
on 7/21/72. 

The so lar  thermal vacuum test ing consisted o f :  

1) High temperature soak and functional 
2) Low temperature soak and functionaf 
3) High temperature soak and functional 
4) Low ten:perature soak and functional 
5) 14 normal orbits 

Thermal vacuum test ing was successfully completed with no 
subsatel 1 i t e  anonal i e s  

The subsatel 1 i t e  and supporting tes t  equipment was transported 
t o  the Malibu t e s t  s i t e  fo r  s t ray  magnetic f i e l d  measurement 
and demagne ti zation. 

The l a s t  IST was performed on the subsa te l l i t e .  

The battery was charged and dischzrged. 
was determined t o  be 10.9 ampere hours. 
degradation i n  the battery capacity was indicated. 

Sol ar therinal vacuum test ing comnenced 

The battery capacity 
No measurable 
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1 February 1972 

6 February 1972 

29 February 1972 

Final ad jus tments  t o  the subsa te l  1 i te were 
performed beginning on 1 February. These 
included:  

1 )  Final mechanical p repa ra t ion  
2)  Alignment 
3)  Mass p r o p e r t i e s  t e s t i n g  
4) Weighing and ba lance  o f  the subsa,el  
5)  Mating s u b s a t e l  1 i t e  and launcher  
6 )  F i t  Check - NAR i n t e r f a c e  

i t e  

7 )  f i na l  func t iona l  c o n s i s t i n g  on ly  o f  a 

8) Prepa ra t ion  f o r  shipment 

F l i g h t  2 S u b s a t e l l i t e  Shipped t o  KSC 

Final trim weights  on F l i g h t  2 s u b s a t e l l i t e  
changed per ECP 039 a t  KSC. 

l i m i t e d  b a t t e r y  charge and d i s c h a r g e  
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Kev events i n  the in t eg ra t ion  and tes t  of  the F l igh t  #2 S u b s a t e l l i t e  
a r e  a s  ~ I I O W S :  

Date 
25 b v .  1970 
3 June 1971 
4 3une 1971 
8 June 1971 

- 

1 July 1971 

3 July 1971 
4 J u l y  1971 
5 J u l y  1971 
7 Ju ly  1971 
7 J u l y  3971 

17 J u l y  1971 
18 Ju ly  1971 
22 J u l y  1971 

8-16 J u l y  1971 

23 J u l y  1971 

28 J u l y  1971 
20 Sept.  1971 
22 Sept.  1971 
27 Oct. 1971 
1 Nov. 1971 

6 Nov. 1971 
10 Nov. 1971 
15 Nov. 1971 
30 Nov. 1971 
22 Dec. 1971 
29 Dec. 1971 

Event  
Received spacec ra f t  s t r u c t u r e  from manufacturing 
I n s t a l l e d  subassemblies 
Performed engineer ing bake-out thermo/vacuum 
I n s t a l l e d  DEU and breadboard PES power supply 
Performed engineer ing run on in t eg ra t ion  and 
func t iona l  test 
I n s t a l l e d  PES SJM 2-4 
Completed i n t eg ra t ion  of spacecraft 
Performed ISf 
Performed 3-axis acceptance v ib ra t ion  
Performed 7 i m i  t ed  func t iona l  
Performed T/Y (30 f t  chamber) 
Performed magmetic test a t  Ma7 ibu 
Performed I S T  
Completed mechanical a1 i g m e n t s  and mass property 
measurements . 
F l i g h t  2 s p a c e c r a f t  placed i n  shipping con ta ine r  a s  
back-up for F l i g h t  1 spacecraft, 
DEU removed f m m  s p a c e c r a f t  
PES 2-4 removed from s p a c e c r a f t  
FES removed from spacec ra f t  
FES S/N 002 and DEU S/N 002 i n s t a l l e d  i n  s p a c e c r a f t  
PES 2-4 i n s t a l l e d  i n  s p a c e c r a f t  w i t h  modified 
analyzer  thermal tape.  
IST performed 
l-axis v ib ra t ion  performed 
T/V (7x12 f o o t )  chamber f a i l u r e  
Spacecraf t  completely disassembled except f o r  b a t t e r y  
All u n i t s  except f o r  PES r e i n s t a l l e d  i n  spacecraf t  
PES 2-2 i n s t a l l e d  

i 
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Date 

1 Jan .  1972 
2 Jan .  1972 
7 Jan.  1972 
10 Jan.  1972 
19 Jan.  1972 
20 Jan.  1972 
28 Jan.  1972 
29 Jan. 1972 
30 Jan.  1972 
31 Jan. 1972 
5 Feb. T972 
6 Feb. 1972 

29 Feb. 7972 

Event 

IST Performed 
l - a x i s  v i b r a t i o n  test  performed 
T/V (30 f o o t  chamber} high vo l t age  spacecraft f a i l u r e  
PES 2-2 removed from s p a c e c r a f t  
PES 2-4 i n s t a l l e d  i n  s p a c e c r a f t  
IST performed 
T/V test (30 f o o t  chamber) completed 
Magnetic tes t  performed a t  !,tal i bu 
IST performed 
Ba t t e ry  charged and d ischarged  
Final  a l ignment  and mass p r o p e r t i e s  performed 
Flight 2 s p a c e c r a f t  shipped t o  KSC 
Trim weight  change a t  KSC 

J 
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8. KEY MEETING SUMMARIES 

The customer review meetings which are perhaps the most important 
held dur ing  the P&F program are l is ted beTob! and summarized i n  the 
fol lowi ng paragraphs. Other p a r t i  cul a r l y  important meetings included 
the monthly customer review meetings which were held a t  TRW. 

Date - 
5/14-15/70 
7/14-15/70 
814-5/70 
3 / 8 4  2/71 
4/6-7171 

5/ 26 - 2 8/ 7 1 
6/21 -24/71 

5/7/71 

6/29-30/71 
7/21 -22/71 

Meeting 
P&F System PDR 
P&F System CDR 
PES &DR 
Qualification U n i t  Phase One C.A.R. 
Flight #1 Phase One C.A.R. 
PES F l i g h t  #1 C.A.R. 
F l i g h t  #l Phase Two C.A.R. 
Flight #2 Phase One & Qualification 

PES Flight #2 C.A.R .  
Flight #2 Phase Two C.A.R.  

Unit Phase Two C.A.R.  

P&F System Prel iminary Design Review ( P D R )  

The Preliminary Design Review for  the Particles and Fields Sub- 
s a t e l l i t e  program was held a t  TRW on May 14 and 15 o f  1970. 
During  th i s  meeting the design approach and the system end i tern 
specification were thoroughly reviewed and approved with the 
exceptions noted in the meeting minutes. The resulting detailed 
design was t o  be reviewed a t  the Critical Design Review ( C D R ) .  
Detailed review of the GSE was n o t  included i n  this meeting b u t  
was t o  be performed a t  the June Monthly Management Meeting. 
A l s o  the detailed design approach for  the scient i f ic  instrument- 
ation was n o t  reviewed because of the ear l ier  status of  these 
subcontracts and because these subcontracts were not yet signed. 
However, the baseline for the design o f  the scient i f ic  instruments 
was reviewed. Exceptions and action items identified or defined 
i n  th is  design review meeting are formally recorded on Review 
Item Disposition (R.I.D.) forms o r  as formal action items, w i t h  
minor action items simply included as items in the meeting minutes, 
During the meeting on 75 May, MSC announced that the basic P&F 
contract had j u s t  been signed. 
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Partic'les Experiment Subsystem P D R  

The Par t ic les  Experiment Subsystem Prel iminary Design Review 
(PDR) was h e l d  on June 4 and 5, 1970, a t  the ATC Fac i l i t i e s  i n  
Pasadena, The principal purposes were t o  review the design 
approach t o  the Part ic les  Experiment Subsystem as currently 
configured , and to  provide an opportuni ty  f o r  NASA, Uni versi t y  
of California,  TW, and P.TC t o  reach agreement on an acceptable 
set of Specifications t o  be included i n  the f ina l  PES subcontract. 
Forty (40) RID's were generated d u r i n g  this PDR. 

Fi el ds  Experiment Su bsys tem PDR 

The preliminary design review f o r  the Fields Experiment Sub- 
system was held a t  Time-Zero Corporation on 18  June 1970 a t  the 
time of this  meeting the s t a tus  of the magnetometer e lectronics  
design and breadboard fabricat ion was such tha t  the design bread- 
board has been b u i l t  and operated, and the deliverable breadboard 
i s  i n  fabr icat ion now. 
approved. The remaining four contained cost  and schedule impact 
items and required further consideration by Time-Zero. 
date of 26 June 1970 was set  f o r  action on the four  RID's. 

Ten RID's were prepared, of which six were 

A suspense 

P&F System Cri t ical  Design Review ( C D R )  

The Cri t ical  Design Review (CDP)  f o r  the Par t ic les  and Fields Sub- 
s a t e l l i t e  Program was held a t  TRCI on July 14 and 15. During 
this meeting the detai led design of the s a t e l l i t e  and i t s  GSE 
except f o r  the s c i e n t i f i c  instrumentation were thoroughly re- 
viewed and approved w i t h  the exceptions noted in the meeting 
minutes and  approval was given f o r  proceeding w i t h  fabr icat ion.  
The detai led design of the s c i e n t i f i c  instrumentation would be 
reviewed a t  i t s  CDR's in about two weeks. The requirements f o r  
the s c i e n t i f i c  instruments were reviewed i n  t h i s  meeting, 

Key documents reviewed i n  de ta i l  by MSC d u r i n g  this meeting i n -  
cluded the End Item Specification on the f l i g h t  hardware, SY1-36B, 
and the Battery Charger/Simulator EQ3-287B, and considered them 
approved w i t h  the exceptions as noted on RID's and action items. 
A1 so reviewed were the Qual i ty Assurance P1 an #16763-33B, 
Rel iab i l i ty  Plan #16763-34A, the Configuration Flanagement Plan 
#16763-35, System Safety Plan #16763-36, Electromagnetic 

d 
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Compatabili ty  Control Plan #16763-37-1, Magnetic Cleanliness 
Control Plan #16763-38, the Development Schedule, lkvelopment 
Test Plan #16763-19, Cert i f icat ion Plan #16763-18, Parts and 
Materials List #16763-44, FMEA #16763-14, and the Experiment 
Support Reqbirements document #16763-31. 
#l6763-41, and the Measurement List #16763-40 were a l so  reviewed 
and were approved, 

The Command List 

Props for this CDR included a fu l l - sca le ,  three dimensional 
mock-up used t o  i l l u s t r a t e  the feasures o f  t h e  mechanical system 
including the current spacecraft packaging and boom configuration, 
the f u l l  scale  antenna range metal mockup3 and sample sections 
o f  the so lar  array configuration. A number o f  tours were con- 
ducted fo r  the v i s i  to rs  w i t h  one including operation o f  the DEU 
breadboard. The general meeting plan provided for  a single 
central  main meeting during the morning of July 14 which was 
followed by ten parallel  team meetings f o r  detai led work. 
Following this was the formal CDR Board meeting fo r  summation 
and disposit ion of action items and RID'S. 

Fields Experiment Subsystem CDR 

The Cr i t ica l  Disign Review fo r  the Fields Experiment Subsystem 
(FES) was held a t  Time-Zero Corporation on 29 July 1970. 
program s ta tus  was tha t  the breadboard i s  i n  temperature testing, 
90% of a l l  par ts  a r e  in-house and screening of these par t s  will 
begin no l a t e r  than Monday, 3 August 1970. 
prepared dur ing  t h i  s meet ing.  

The 

Nine RID's were 

Par t ic les  Experiment Subsystem CDR 

The Part ic les  Experiment Subsystem Cri t ical  Design Review (CDR) 
was held on August 4 and 5,  1970, a t  the ATC f a c i l i t i e s  i n  
Pasadena. The primary purposes o f  this meeting were t o  review 
the instrument design i n  d e t a i l ,  and plans for  implementation 
thereof; and to  resolve any questions o r  objections t o  the 
instrument design and/or specification i n  order to  es tabl ish a 
baseline f o r  proceeding w i t h  fabrication of the Qual U n i t .  
Required actions result ing from the CDR were defined i n  formal 
action items and RID's. 
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QUALIFICATION UNIT P t 4 A S E O N E W . F  QFYlElrl ( C.A.R.) 

An acceptance review of the Qualification Unit Particles & Fields 

conducted March 8 through 121971 a t  TRH. With the exception o f  the 
Particles Experiment Subsystem, BAack Box Data Packages for the 
qual i fication subsatellite were reviewed and corrections t o  the Data 
Packages were defined, and the fl  i g h t  subsatcll i t e  design as defined 
by the engineering docutmtation was frozen. The spacecraft level 
test procedures were baselined and approval was given for proceeding 
w i t h  subsatellite spacccraft l ewl  quali f i  cation testing. The Sub- 
sa te l l i t e  GS€, and Acceptance Test Equipment Data Packagss were 
reviewed and conditionally accepted pending a deronstration t h a t  the 
tes t  equipment performs satlsfactori ly uhcn coupled t o  the flight 
hardware. Approval was gi t e n  t o  proccde with spacecraft level tcs t i n g  
with the =E and Acceptance Test Equipment. 

* Subsatel 1 i te black boxes- and the Ground Support  Equipment was 

€LIGHT #I PHASF ONF ACCFPTAFICF REVIEW 

An Acceptance Review of the Flight #1 Partic?es and Fields Subsatellite 
black boxes was conducted April 6 and 7 1971 a t  TRtll and approval was 
given for proceeding with Flight 81 subsatellite Spacecraft level 
testing. 
this Acceptance Review due t o  a h i g h  voltage problem, 

The F l i g h t  1 Spacecraft level Acceptance Test Plan was reviewed w i t h  
the fa1 lowing approved recommendations: 

The Particles Experiment Subsystem (PES)  was no t  included i n  

I )  S t a r t  acceptance testing w i t h  the qualification PES and 
qualifkation battery. - installed prior t o  the f inal  integrated system test. 

flown w i t h  the Flight 1 subsatellite. The recommendation 
is pending further stress analysis. 

F?ight 1 PES testing will proceed minus h i g h  voltage, i f  a 
h igh  voltage failure occurs dur ing  acceptance' testing. 

The F l i g h t  #I battery will be 

2) The qual (refurbished) magnetometer will be tested and 

3) 

CF RFVIEbf  

An Acceptance Review o f  the F? igh t  #1 Particles and Fields 
Subsatellite Particles Experiment Systeni (PES) was conducted 
on 7 May 1971. The Flight #1 PES has S/N 003 c o n s t i t u t i n g  
the subksemblies having S/N's 2-3. Exceptions to  the above 
are subassemblies o f  the A4, A1 , and A3 Channeltron Decoupler 
Module and I3 Telescopes which have S/N's 1-1. The baseline 
design was frozen as o f  this review. Approval was given to  
integrate the Flight #1 PES into the Flight #1 Spacecraft. 

rd 
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A f ina l  acceptance review of the Flight #1 Par t ic les  
and Fields Subsa te l l i t e  was conducted May 25-28, 1971. 
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The formal review board accepted the se r i a l  number 002 
Particles and Fields Subsa te l l i t e  conditionally upon performance 
o f  action assigned by the board and upon successful cnmpletion 
o f  design certi f i  cation. Two i terns appeared on the shortage 
report, unapproved waiver requests HC-W18 and tJl9. The form 
OD250 was signed. TRW was directed t o  s h i p  the u n i t  t o  the 
Cape on May 29; 1971. 

The Flight Hl Par t ic les  Experiment Subsystem (PES) (S/N 2-2) 
contains two analyzers (A1 & A4),  the 433 module of the A3 
analyzer and two s i1  icone surface ba r r i e r  detectors which were 
exposed t o  qual i f icat ion level tes t ing  i n  the Prototype (S/N 1-11 
instrument. The  a f fec ts  of this tes t ing on these parts i s  
addressed by an ATC Rel iabi l i ty  Analysis Report, 
The board found use of these par ts  i n  the Flight I PES Acceptable. 

FLIGHT #2-PHASE ONE & QUALIFICATION UNIT PHASE TNO ACCEPTANCE REVIEWS 

A Phase I Acceptance review of the F l i g h t  I1 Par t ic les  and Fields Sub-  
sa te l l i te 'was held June 21-24, 1971. All Flight 11 "black boxes" were 
covered except the Part ic les  Experiment Subsystem (PES).  
the data revealed the "black boxes" i n  question t o  be acceptable. 
F l i g h t  11 f a i l u r e  history was reviewed. Mine f a i lu re s  occurred. All 
have been closed. The Waiver/Deviations summary showed 3 waivers and 
8 deviations granted. None were pending. No RID'S were presented. 
The units under review were found acceptable by the board and approval 
was granted to  integrate  them in to  the subsa te l l i t e .  

Review o f  

Mr. Johnson, the NASA/MSC P&F Experiment Manager, indicated t h a t  the 
subsa te l l i t e  level data package f o r  the Qual i f ica t ion  U n i t  has been 
forwarded t o  MSC and reviewed there .  Based on this review the Q u a l -  
i f i ca t ion  Unit Par t ic les  and Fields Subsa te l l i t e  was found  acceptable. 
The DD250 was signed. TRW was directed to  place the u n i t  i n  bonded 
s tores  . 

PES FLIGHT #2 ACCEPTANCE REVIEW 

The Phase I Acceptance Review for  the Par t ic les  Experiment Subsystem 
(PES)  only o f  the Par t ic les  and Fields Subsa te l l i t e  was held June 2 9 t h  
and 30th. 
( A T C ) ,  Pasadena, California. 
30th via telecon. P a r t  of the board was a t  MSC i n  Houston and Part a t  
ATC i n  Pasadena. 
formal board. U n i t  history was summarized. The Deviation/Waiver 
review indicated two deviations granted, w i t h  none pendinq. Five 
f a i lu re s ,  otx? open, w r e  shown i n  the handout material. 
A s ix th  f a i lu re  which  occurred i n  the f ina l  thermal vacuum t e s t ,  was 
presented to the board oral ly .  The board found the Flight I I  (Ser ia l  
2-4) P€S would be acceptable fo r  in tegra t io i  into the subsa te l l i t e  
upon 1 )  completion of the Hazard Circui t  change and 2 )  resolution qf 
the low tcmperatdre, h i g h  voltage regulation problem. 

Data was reviewed June 2 9 t h  a t  Analog Technology Corporation 

The f i n d i n g s  of the data review were presented to  the 

A formal acceptance board was h e l d  June 
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FLIGHT #2 PHASE TWO ACCEPTANCE REVIEWS 

The Phase I1 Acceptance Review f o r  the F l i g h t  I1 Par t ic les  and Fields 
Subsa te l l i t e  was held July 21-22, 1971, a t  TRW, Redondo Beach, 
California.  
These occurred l a t e  i n  the tes t ing  program. 
immediate corrective action and use of the uni t  as a backup t o  the 
Apollo 15 u n i t  niutually exclusive. 
f a i l u r e  propagation niechanisms and f l i g h t  impacts were investigated a t  
length. The  technical review team found the f l i g h t  impacts acceptable 
f o r  a backup u n i t  and recommended no repairs  be s t a r t ed  u n t i l  a f t e r  
Apollo 15 launch. Four subsa te l l i t e  level f a i lu re s  were reported; two 
remain open. Applicable waivers and deviations were l is ted.  Twelve 
were granted; none pending. The technical data review minutes wer.e 
reviewed fo r  the board. The board deferred 
consideration of a sectoring logic  design change u n t i l  more data i s  
available.  The  board agreed t h a t  t h i s  u n i t  should be held i n  f l i g h t  
configuration in i t s  present condition as a back-up f o r  the Apollo 15 
u n i t .  Thereafter correct ive action should proceed. The board found 
the Flight I1 Par t ic les  and Fields Subsa te l l i t e  t o  be acceptable 
conditional upon 1 )  Completion of open work items, 2 )  Resolution of 
t h e  problems discussed in the meeting minutes. 

* I  

A number of technically unacceptable items were ident i f ied .  
Repair cycle time made 

Most probable f a i l u r e  inechanisnis, 

No RID'S were presented. 

FLIGHT #2 PHASE TWO RE-ACCEPTANCE REVIEW I 

T h i s  meeting was held a t  TRW on November 4 ,  1971. 
review of a l l  open work items before r e in i t i a t ing  a complete reacceptance 
t e s t  cycle. 

I t  was essent ia l ly  a 

FLIGHT #2 PHASE TWO RE-ACCEPTANCE REVIEW I1 

T h i s  meeting was held a t  TRW from February 1 to  February 3 ,  1972. The  formal 
MSC board accepted the F l i g h t  2 spacecraft. 
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FLIGHT #1 IN-ORBIT PERFORMANCE COMMENTS 

The P&F F l i g h t  #1 S u b s a t e l l i t e  was separa ted  from the Apollo 15 CSM i n  
lunar  o r b i t  on August 4, 1971 a t  I . I  
f a c t o r i l y .  

PF.1 PDT. A l l  systems operated s a t i s -  
A brief d e s c r i p t i o n  o f  pwformance i s  provided below. 

ORBIT 

The orbi t  a t  i n j e c t i o n  was 75 by 55 nau t i ca l  miles. four  days la ter  

The coherent  doppler provided by the S-Band Transponder 

the o r b i t  was 63 miles c i r c u l a r .  The o r b i t  i s  expected to  change t o  105 
by 15  miles w i t h i n  three months. Many unknowns a r e  a s soc ia t ed  wi th  the 
o r b i t a l  changes. 
is used t o  determine o r b i t a l  parameters. 
t rack ing)  is a l s o  being employed. 

Triangulat ion (three s t a t i o n  

COMMIIB I CAT IONS 

Tracking and TLIl da t a  q u a l i t y  and command l i n k  has been e x c e l l e n t  
during 30' uncooled antennae. 
approximately -134 d h .  
has s t a t e d  the communications and command system is  one o f  the best they 
have worked. The s u b s a t e l l i t e  has c o n s i s t e n t l y  responded the f i r s t  time 
a command has been sen t .  

Received s igna l  l eve l  on 85' antennae is 
The Apo3 lo FOD ( F l i g h t  Operations Di rec to ra t e )  

POWEP 

The spacec ra f t  power subsystem ( s o l a r  a r ray /ba t te ry /charger )  is 
operat ing to  s p e c i f i c a t i o n .  
maintaining power balance is 10 autocycle  modes w i t h  1 t racking  mode, 
and 1 charge mode. 
o r b i t  w i t h  1 charge o r b i t .  
mode when i n  r ad io  rnage, then  memory mode on the backside of t h e  moon, 
t h e n  da t a  dump once r ad io  range i s  re -es tab l i shed .  
the t r a n s m i t t e r  is on approximately 12 minutes during each 120 minute o r b i t .  

Typical combinations o f  opera t ing  modes f o r  

A t rack ing  o r b i t  i s  made u p  o f  the r e a l  time 
When maximum is des i r ed  the combination i s  I t rack ing  

During autocycle  mode 

NAGNETOMETER EXPERIMENT 

Average magnetic f i e ld  measurements have been i n  the o rde r  of  10 
gamma, w i t h  some i n t e r v a l s  (1 t o  2 o r b i t  dura t ion)  up  t o  30 gamma. 
magnetometer zero c ross ing  system has been working a s  designed. 
sensor  has been ab le  t o  detect vec tor  d i r e c t i o n  changes. 
has been obtained w i t h  magnetometers on the lunar  su r face .  

The  
The 

Close c o r r e l a t i o n  

PARTICLES EXPERIMENT 

All 6 p a r t i c l e s  d e t e c t o r  sensors  a r e  working normally and c o l l e c t i n g  
s c i e n t i f i c  da t a .  
t o  allow the  s u b s a t e l l i t e  t o  outgas.  
p a r t i c l e s  da t a  has been i n  the order  of 0-300 counts/second. 

The h i g h  vol tage turn-on was delayed 24 hours a s  planned 
Turn-on was normal. The range of 
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TYPICAL AVERAGE ORBIT PARAIIETERS (INITIAL) 

Spirt Speed 

SDin Angle Error ( i n i t i a l )  

11.85 RPM (12.0 design) 

- +0.5" (1.5" design) 

Wobble -0 

Battery Temperature 60-75°F 

P a r t i c l e  Telescope Temperature 58-68°F 

Magnetic Sensor Temperature 62-65°F 

The s u b s a t e l l i t e  (and Moon) was shadowed by €he E a r t h  f o r  3.5 hours 
on August 6 ,  1971. All systems operated normally through the ec l ipse .  
The lowest tercperatures were about 0°F. 
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Apo l lo  1 5  P r e l i m i n a r y  S c i e n c e  Repor t :  
T h e  P a r t i c l e s  a n d  F i e l d s  S u b s a t e l  1 i t e  Plagne€ometer Exper iment  

P a u l  J .  Coleman, J r . *  
D e p a r t a e n t  o f  P l a n e t a r y  and Space  S c i e n c e  

a n d  
I n s t i t u t e  of  Geophys ics  and P l a n e t a r y  P h y s i c s  

U n i v e r s i t y  of  C a l i f o r n i a  
t o s  Ange le s ,  C a l i f o r n i a  90024 

G .  S c h u b e r t  
Department  of P l a n e t a r y  and Space  S c i e n c e  

U n i v e r s i t y  o f  C a l i f o r n i a  
L o s  A n g e l e s ,  Caf i f o r n i a  90024 

C . T .  R u s s e l l  
I n s t i t u t e  of  Geophys ics  and P l a n e t a r y  P h y s i c s  

U n i v e r s i t y  c f  C a l i f o r n i a  
L O S  Ariqei e s .  t a l  i rorn i  a Y U U L ~  

L . R .  S h a r p  
Departinent o f  P l a n e t a r y  and Space  S c i e n c e  

and 
I n s t i t u t e  of Geophys ics  and P l a n e t a r y  P h y s i c s  

U n i  vers i t y  o f  Cal i f o r n  i a 
Los Angel e s ,  Gal i f o r n i  a 90024 

* P r i n c i p a l  I n v e s t i g a t o r  

P u b l i c a t i o n  No. 981 
I n s t i t u t e  o f  Geophys ics  and P l a n e t a r y  P h y s i c s  

P rep r in t  

September  2 4 ,  1971 

( R e v i s e d  September  30 ,  19 77 ) 



A b s t r a c t  

A p r e l i m i n a r y  a n a l y s i s  o f  t he  d a t a  f rom the  U C L A  m a g n e t o -  

meter on  b o a r d  t h e  Apollo 15 s u b s a t e l l i t e  i n d i c a t e s  t h a t  r e m n a n t  

m a g n e t i z a t i o n  i s  a c h a r a c t e r i s t i c  p r o p e r t y  o f  the  moon, t h a t  i t s  

d i s t r i b u t i o n  i s  such a s  t o  p r o d u c e  a r a t h e r  c o m p l e x  p a t t e r n  o r  

f i n e  s t r u c t u r e ,  a n d  t h a t  a d e t a i l e d  m a p p i n g  o f  i t s  d i s t r i b u t i o n  

i s  f e a s i b l e  w i t h  the  present  e x p e r i m e n t .  The a n a l y s i s  a l s o  shows 

t h a t  l u n a r  i n d u c t i o n  f i e l d s  p r o d u c e d  by t r a n s i e n t s  i n  t h e  in te r -  

p l a n e t a r y  m a g n e t i c  f i e l d  a r e  d e t e c t a b l e  a t  t h e  s a t e l l i t e  o r b i t  

a n d  t h a t  the  m a g n e t o m e t e r  d a t a  w i l l  p r o v i d e  e s t i m a t e s  o f  t h e  

l a t i t u d e  a n d  l o n g i t u d e  d e p e n d e n c e s  i n  t he  d i s t r i b u t i o n  o f  i n t e r i o r  

c o n d u c t i v i t y .  F i n a l l y ,  t he  a n a l y s i s  i n d i c a t e s  t h a t  the p l a s m a  

Void  o r  d i a m a g n e t j c  C a v i t y .  w h i c h  forms beh- ind  t h e  moon w h e n  t h e  

moon i s  i n  t h e  s o l a r  w i n d , e x t e n d s  t o  some a l t i t u d e  b e l o w  the  

s a t e l l i t e  o r b i t  a n d  p r o b a b l y  t o  the  l u n a r  s u r f a c e  a n d  t h a t  t h e  

f l o w  o f  t h e  s o l a r  w i n d  near the  l i m b s  i s  u s u a l l y  r a t h e r  s t r o n g l y  

d i s t u r b e d .  

d 
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1 .  I n t r o d u c t i o n  

Magnetic f i e l d  measurements ob ta ined  w i t h  the  Apollo 12 l u n a r  

s u r f a c e  magnetometer a n d  the  Apollo 14 hand-held magnetometer have 

e s t a b l i s h e d  the  existence of a s i g n i f i c a n t  l u n a r  remnant magneti-  

z a t i o n ,  provided  e s t i m a t e s  of t h e  d i s t r i b u t i o n  o f  e l e c t r i c a l  con- 

d u c t i v i t y  o f  t h e  moon's in ter ior ,  a n d  e s t a b l i s h e d  an  upper l i m i t  

on t h e  average  magnet ic  p e r m e a b i l i t y  of t h e  moon. T h e  o b j e c t i v e s  

o f  t h e  l u n a r  s u b s a t e j l i t e  magnetometer experiment  a r e  t o  extend  

the  measurements o f  t he  moon's magnet ic  f i e l d ,  t h e  permanent a s  

well  a s  t h e  induced components, and t o  s t u d y  t h e  moon's in ter-  

a c t i o n  wi th  the  f i e l d  and charged p a r t i c l e s  of  i t s  environment .  

S p e c i f i c  o b j e c t i v e s  i n c l u d e  tke folqowing:  t-o map t h e  remnant 
. - - ?  _ - . .  1lldyltei . l i  i i e i i i  i,f tile ijiirirli, L i i  ilia? L;ie e : t L t i  r ~ u i  i u i i d k c Z i v I t j  v *  

t h e  moon's i n t e r i o r ,  and t o  s t u d y  t h e  p r o p e r t i e s  o f  the plasmas 

i n  c i s - l u n a r  s p a c e  by measuring t h e  magnet ic  e f f e c t s  of  t h e  i n -  

t e r a c t i o n s  of t h e s e  plasmas w i t h  t h e  moon. Included i n  t h i s  

o b j e c t i v e  i s  a s e a r c h  f o r  magnet ic  d i s t u r b a n c e s  caused by m a t e r i a l  

t h a t  l e a v e s  t h e  moon by one  p r o c e s s  o r  a n o t h e r  a n d  i s  i o n i z e d  

whi le  s t i l l  nearby.  F i n a l l y ,  the  magnetometer i s  p a r t  o f  t h e  

i n s t r u m e n t a t i o n  f o r  t h e  l u n a r  p a r t i c l e  s h a d o w i n g  exper iment .  

This  experiment  and i t s  o b j e c t i v e s  a r e  d e s c r i b e d  i n  a n o t h e r  paper  

i n  t h i s  P re l imina ry  Sc ience  R e p o r t .  

The m u l t i p l i c i t y  o f  t he  o b j e c t i v e s  of t he  magnet ic  f i e l d  

s t u d y  i s  made p o s s i b l e  by t he  geometry of t h e  moon's o r b i t  which, 

a s  shown i n  F igure  1 ,  passes  t h r o u g h  t h r e e  very d i f f e r e n t  r eg ions  

i n  n e a r - e a r t h  s p a c e ,  i . e . ,  t h e  reg ion  i n  which t h e  s o l a r  wind 

d 
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flow i s  e s s e n t i a l l y  undis turbed  by the  presence  o f  t h e  e a r t h ,  t h e  

'magnetosheath '  i n  which t h e  flow i s  d r a s t i c a l l y  modif ied by t h e  

o b s t a c l e  presented  by t h e  e a r t h ' s  magnet ic  f i e l d ,  and t h e  geo- 

magnetic c a v i t y  which c o n s i s t s  of t h e  space  threaded  by t he  mag- 

n e t i c  f i e l d  from t h e  e a r t h .  A s  shown i n  t h e  f i g u r e ,  t h i s  c a v i t y  

ex tends  t o  about  10 e a r t h  r a d i i  i n  t h e  d i r e c t i o n  o f  t!ie sun.  I t s  

e x t e n t  i n  t h e  o p p o s i t e  d i r e c t i o n ,  i . e . ,  t h e  l e n g t h  o f  t he  geo- 

magnetic t a i l s  i s  u n k n o w n ,  a l though i t  i s  more t h a n  '100 e a r t h  

r a d i i  . 
T h e  l u n a r  o r b i t i n g  s a t e l l i t e ,  Explorer  35,  h a s  a l s o  y i e l d e d  

a g r e a t  dea l  of i n fe rma t ion  o n  t h e  e l e c t r o m a g n e t i c  p r o p e r t i e s  of 

the  moon a n d  i t s  i n t e r a c t i o n s  w i t h  i t s  plasma environment.  Or- 

h i t c  nt t h i s  q a t e l t i t e  tnr T i m e s  Senaratea  D V  b monens are  S R U W H  

i n  F tgure  2. The a r e a  t r a v e r s e d  by Explorer 35 dur ing  a 12- 

month pe r iod  i s  i n d i c a t e d  by l r o u n d i n g  c i r c l e s  marking t h e  lcrci 

o f  p e r i l u n e  and apolune.  ATso shown  is the  o r b i t  o f  t h e  sub- 

s a t e 1  1 i t e .  

When t h e  moan i s  i n  the  s o l a r  w i n & ,  t h e  reg ion  d i r e c t l y  

behind the moon, i . e . ,  t h e  reg ion  d i r e c t l y  downstream from t h e  

moon, i s  e s s e n t i a l l y  d e v o i d  of s o l a r  w i n d  plasma. T h i s  downstream 

c a v i t y  and the  r a r e f a c t i o n  waves on i t s  boundary, shown scherna- 

t i c a t l y  i n  Figure 2 ,  were d i scove red  by C o l b u r n  e t  a f .  (1967)  

w i t h  t h e  Explorer  35  magnetometer. The s k e t c h e s  i n  F igures  I 

and 2 show t h e  e s s e n t i a l  d i f f e r e n c e  between t h e  i n t e r a c t i o n  o f  

the s o l a r  w i n d  w i t h  t h e  mooti a n d  t h a t  w i t h  t h e  e a r t h .  S p e c i f i -  

c a l l y ,  most of t h e  s o l a r  wind t h a t  i n t e r a c t s  with the  moon 
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simply h i t s  the moon a n d  stops (Figure 21, whereas most o f  the 

so lar  w i n d  t h a t  interacts  with the earth i s  diverted around 

t h e  ent i re  geomagnetic cavity a n d  forms the magnetosheath 

(Figure 1 ) .  

1 
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2 .  T h e  Magnetometer 

The magnetometer system c a r r i e d  on  b o a r d  the  Apollo 15  s u b -  

s a t e l l i t e  c o n s i s t s  of two or thogonal  f l u x g a t e  s e n s o r s  m o u n t e d  

a t  t h e  e n d  o f  a 6 - f o o t  boom and an e l e c t r o n i c s  u n i t  housed i n  

t h e  s p a c e c r a f t .  A block diagram o f  t h e  instrument  i s  shown i n  

Figure 3 a n d  a photograph of t h e  magnetometer hardware i s  shown 

i n  F igure  4.  The s p e c i f i c a t i o n s  of t h e  instrument a r e  l i s t e d  

i n  Tab le  I .  

The t w o  magnetometer s e n s o r s  a r e  o r i e n t e d  p a r a l l e l  ( B p )  and 

t r a n s v e r s e  ( B T )  t o  t h e  s p i n  a x i s  of t h e  s p a c e c r a f t .  

q u a n t i t i e s  used t o  d e f i n e  t h e  v e c t o r  f i e l d  a r e  t h e  magnitudes of 

t h e  p a r a l l e l  component, t h e  a b s o l u t e  va lue  of t h e  t r a n s v e r s e  

L U I I I ~ J U ~ I ~ I I L  diiu ~ i i e  d r i q i  e ueiweeri ~ r i e  L r a n s v e r s e  C U I I I U U ~ I ~ I ~  L diiu 

t h e  component of t h e  s u n - s p a c e c r a f t  v e c t o r  t r a n s v e r s e  t o  t h e  

s p i n  a x i s .  

The measured 

An i m p o r t a n t  i tem of s u b s a t e l l i t e  equipment i s  t h e  d a t a  

s t o r a g e  u n i t .  T h i s  u n i t  r eco rds  f i e l d  measurements on t h e  f a r  

s i d e  of  t h e  moon fo r  playback when t h e  s u b s a t e l l i t e  i s  i n  view 

from t h e  e a r t h .  

d 
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I 3 .  Remnant  M a g n e t i z a t i o n  

A t  times o f  r e l a t i v e l y  low l e v e l s  o f  g e o m a g n e t i c  a c t i v i t y ,  

t h e  m a g n e t i c  f i e l d  i n  t h e  g e o m a g n e t i c  t a i l  i s  q u i t e  c o n s t a n t .  

T h u s ,  t h e  b e s t  p o s s i b i l i t i e s  f o r  t h e  d e t e c t i o n  o f  l u n a r  r e m n a n t  

m a g n e t i s m  a r e  p r o v i d e d  by t h e  s u b s a t e l l i t e  m a g n e t o m e t e r  d a t a  re -  

c o r d e d  when  t h e  moon i s  i n  t h e  g e o m a g n e t i c  t a i l  d u r i n g  q u i e t  i n -  

t e r v a l s .  Our p r e l i m i n a r y  a n a l y s i s  o f  the  q u i c k - l o o k  d a t a  re- 

c o r d e d  d u r i n g  t he  f i r s t  t r a v e r s a l  o f  t h e  g e o m a g n e t i c  t a i l  r e v e a l e d  

t h e  e x i s t e n c e  o f  m e a s u r a b l e  l eve ls  o f  r e m n a n t  m a g n e t i s m  ove r  much 

o f  the s u b s a t e l l i t e  o r b i t .  

a n d  BT c o m p u t e d  f o r  n i n e  success ive  o r b i t s  d u r i n g  w h i c h  t h e  moon 

was i n  t h e  g e o m a g n e t i c  t a i l .  

F i g u r e  5 shows a v e r a g e  v a l u e s  o f  B p  

-. c . *  
i i i e  i ~ ia jur  f e a t u r e >  u i  bile > i r u ~ i u i e  i r i   he t ~ a ~ e b  art: u a -  

s o c i a t c d  w i t h  l a r g e  c r a t e r s  l y i n g  w i t h i n  1 0 "  o f  t h e  b a n d  d e f i n e d  

by  t he  g r o u n d  t r a c k s  o f  t h e  n i n e  o r b i t s .  T h e  m o s t  o b v i o u s  f e a t u r e  

i s  t h a t  a p p a r e n t l y  a s s o c i a t e d  w i t h  the c r a t e r  Van d e  G r a f f ,  w h i c h  

p r o d u c e s  a 1 gamma v a r i a t i o n  i n  the  f i e l d  a s  t h e  s a t e l l i t e  sweeps 

p a s t  i t .  Van de G r a f f  i s  a p p r o x i m a t e l y  9" a c r o s s  a n d  i t s  c e n t e r  

i s  l o c a t e d  a b o u t  8" f r o m  t h e  s a t e l l i t e  g r o u n d  t r a c k .  O t h e r  p r o m i -  

n e n t  f e a t u r e s  o f  the  d a t a  a r e  a s s o c i a t e d  w i t h  t h e  c r a t e r s  H e r t z -  

s p r u n g ,  K o r o l e v ,  G a g a r i n ,  M i l n e ,  a n d  Mare  S m y t h i i .  I t  s h o u l d  

b e  k e p t  i n  mind t h a t  t h e  p r o c e s s  o f  a v e r a g i n g  over n ine  o r b i t s  

e f f e c t i v e l y  f i l t e r s  o u t  v a r i a t i o n s  o v e r  l a t i  t u d e  a n d  l o n g i t u d e  

r a n g e s  s m a l l e r  t h a n  5" a s  w e l l  a s  t e m p o r a l  v a r i a t i o n s  i n  t h e  e a r t h ' s  

t a i l  f i e l d .  F i g u r e  6 shows t h e  l o c a t i o n  o f  t h e  s a t e l l i t e  g r o u n d  

t r a c k  r e l a t i v e  t o  t h e s e  m a j o r  c r a t e r s .  
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The magne t i c  f i e l d  measurements  used i n  t h i s  p r e l i m i n a r y  

a n a l y s i s  do n o t  i n c l u d e  the  f i n a l  p r e - f l i g h t  c a l i b r a t i o n s .  T h u s ,  

a l t h o u g h  t h e  measured v a r i a t i o n s  a r e  a c c u r a t e ,  t h e  a b s o l u t e  

v a l u e s  may be o f f  by a few gammas. Further,  t h e  d a t a  p r o c e s s i n g  

performed t o  d a t e  h a s  been done e n t i r e l y  by hand and t h i s  p r e -  

c l u d e d  o u r  d e t e r m i n i n g  t h e  o r i e n t a t i o n  o f  t h e  component p e r -  

p e n d i c u l a r  t o  t he  s a t e l l i t e  s p i n  a x i s .  However, t h e  p r e l i m i n a r y  

r e s u l t s  show t h a t  we w i l l  be a b l e  t o  o b t a i n  a d e t a i l e d  mapping 

of  t h e  l u n a r  remnant  m a g n e t i z a t i o n  from t h e  s u b s a L e l l i t e  o r b i t .  

The p l D t  o f  BT i n  t h e  n i n e - o r b i t  a v e r a g e  shown i n  F i g u r e  5 

s u g g e s t s  t h a t  t he  remnant f i e l d  i s  weaker  on the  n e a r  s i d e  t h a n  

on t he  f a r  s i d e  and t h a t  most o f  the  ma jo r  c r a t e r s ,  w i t h  t h e  

e v r e n t i n n  n t  h a n a r i n .  a r C  ~ i i n r 1 a t ~ C I  w i t n  I n c a I  m1nlrna  1n H-. 
I 

T h i s  n e a r  s i d e / f a r  s i d e  asymmetry l e a d s  u s  t o  t h e  s p e c u l a t i o n  

t h a t  t h e  remnant  f i e l d  o b s e r v e d  i s  d u e  t o  i r r e g u l a r i t i e s  i n  a 

magne t i zed  c r u s t .  T h i s  c rus t  . h a s  been g r o s s l y  d i s t u r b e d  o v e r  

a broad r e g i o n  of  t h e  n e a r  s i d e ,  p o s s i b l y  by t h e  i n f a l l  of t he  

b o d i e s  which c rea t ed  the  r i n g e d  m a r i a ,  b u t  d i s t u r b e d  p r i m a r i l y  

by more l o c a l i z e d  c r a t e r  f o r m a t i o n  on  t h e  back s i d e .  

Samples re turned  from t h e  A p o l l o  11 and 1 2  s i t e s  show 

remnant  m a g n e t i z a t i o n  a s  g r e a t  a s  I O - *  emu/cm3. I f  one t a k e s  

t h i s  v a l u e  a s  an upper  l i m i t  on t h e  m a g n e t i z a t i o n  o f  l u n a r  

m a t e r i a l ,  t h e n  t h e  m i n i m u m  s c a l e  s i z e  o f  a s p h e r i c a l  body niag- 

n e t i z e d  a t  t h i s  l e v e l  a n d  p roduc ing  a 1 gamma v a r i a t i o n  a t  t h e  

s u b s a t e l l i t e  o r b i t  i s  a p p r o x i m a t e l y  IO kn. The f i e l d  a t  t h e  

s u r f a c e  of  such  a r e g i o n ,  and t h e r e f o r e  t h e  maximum f i e l d  t h a t  

7s 

i s  
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c o u l d  be produced by such a reg ion  on the  s u r f a c e  o f  t h e  moon, i s  

rough ly  1000 gamma. S u c h  a volume w o u l d  have a magne t i c  d i p o l e  
1 6  3 moment of  a p p r o x i m a t e l y  10 g a u s s  cm . For a more t y p i c a l  rem- 

3 n a n t  m a g n e t i z a t i o n  o f  l o m 5  emu/cm , t h e  s c a l e  s i z e  would be 100  

km and t h e  s u r f a c e  f i e l d  w o u l d  be a b o u t  1 0  gamma f o r  t h i s  d i p o l e  

moment. T h e  d a t a  s h o w n  i n  F i g u r e  5 a l s o  i n d i c a t e  t h a t  any l u n a r  

c e n t e r e d  magne t i c  d i p o l e  must have a magne t i c  moment l e s s  t h a n  

4 x lo1’  g a u s s  cm3 c o r r e s p o n d i n g  t o  a s u r f a c e  f i e l d  s t r e n g t h  i n  

t h e  r a n g e  1 . 5  t o  3 gamma. 

A permanent  m a g n e t i c  f i e l d  o f  38+3 - gamma was d e t e c t e d  a t  

t h e  A p o l l o  12  s i t e  w i t h  t h e  l u n a r  s u r f a c e  magnetometer  (Dyal e t  

a l . ,  1 9 7 0 ) .  Permanent f i e l d s  o f  103+5 - gamma and 4 3 + 6  - gamma were 

d e t e c t e o  a t  c ; i t e ~  S e n a r a t e c !  hv I I /  K m  i n  zne t r a  iviauro r e a i o n  e x -  

p l o r e d  by the  Apo l lo  14 a s t r o n a u t s  (Dyal e t  a l . ,  1 9 7 1 ) .  The 

l u n a r  s u b s a t e l l i t e  has passed  d i r e c t l y  o v e r  both t h e s e  s i t e s ,  

b u t  no s i g n i f i c a n t  f i e l d  v a r i a t i o n  was obse rved  o v e r  e i t h e r .  

T h u s ,  t h e  s u r f a c e  f i e l d s  obse rved  t o  d a t e  must be of  r e l a t i v e l y  

smal l  s c a l e  s i z e  a s  i n d i c a t e d  by the  f i e l d  g r a d i e n t  measured a t  

t h e  A p o l l o  14  s i t e .  

A s  t h e  a1 t i  t u d e  of  p e r i  1 une of t he  s u b s a t e l l  i t e  d e c r e a s e s ,  

we w i l l  o b t a i n  more i n f o r m a t i o n  on  t h e  f o s s i l  f i e l d s  a t  t h e  

Apol lo  12 and 14 s i t e s .  As p o i n t e d  o u t  by S o n e t t  e t  a l .  ( 1 9 7 1 ) ,  

i f  b o t h  were produced by t h e  same m a g n e t i z i n g  f i e l d ,  a f i e l d  i n  

e x c e s s  o f  10’ gamma must have e x i s t e d  some b i l l i o n  y e a r s  a f t e r  

t h e  f o r m a t i o n  o f  t h e  moon, o r  3 . 4  b i l l i o n  y e z r s  a g o ,  and f u r t h e r ,  

i t  must have e x i s t e d  f o r  300 m i l l i o n  y e a r s ,  s i n c e  t h e  magnet ized  

rocks  from t h e  Apollo 1 1  a n d  1 2  s i t e s  a r e  r e s p e c t i v e l y  3 . 4  and 
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a n d  3.7 b i l l i o n  y e a r s  o l d .  A d e t a i l e d  map o f  the  p e r m a n e n t  mag- 

n e t i z a t i o n  o n  t he  moon w i l l  p r o v i d e  a d d i t i o n a l  i n f o r m a t i o n  on  t h e  

a n c i e n t  m a g n e t i z i n g  f i e l d ,  a n d  t h e  h i s t o r y  o f  t he  m a g n e t i z e d  

m a t e r i a l  s u b s e q u e n t  t o  i t s  m a g n e t i z a t i o n .  

I 



9 

4 .  E l e c t r i c a l  C o n d u c t i v i t y  
i 

I n f o r m a t i o n  on the  e l e c t r i c a l  c o n d u c t i v i t y  o f  the  moon's 

i n t e r i o r  has  been o b t a i n e d  t h r o u g h  a n  a n a l y s i s  of  s i m u l t a n e o u s  

magne t i c  f i e l d  measurements  a t  the  Apo l lo  1 2  s i t e  a n d  a t  the 

l u n a r  o r b i t i n g  s a t e l l i t e ,  E x p l o r e r  35. T h e  r e su l t s  a l r e a d y  ob- 

t a i n e d  i n c l u d e  the  r a d i a l  c o n d u c t i v i t y  p r o f i l e  t h a t  p r o v i d e s  i n -  

f o r m a t i o n  on m a n t l e - c o r e  s t r a t i f i c a t i o n ,  t he  t e m p e r a t u r e  o f  the 

m a n t l e ,  t he  n e a r - S u r f a c e  thermal g r a d i e n t  and hea t  f l u x ,  and t h e  

c o m p o s i t i o n  o f  the  i n t e r i o r  (Dyal and P a r k i n ,  1971;  S o n e t t  e t  a l .  

1971a ,  b]. T h e  e x p e r i m e n t a l  t e c h n i q u e  employed i n  t h e s e  s tud ie s  

i s  e s s e n t i a l l y  a measurement o f  t h e  moon's  r e s p o n s e  t o  changes  

i n  t h e  s o l a r  wind magne t i c  f i e l d .  

Data  r e c o r d e d  a t  the  l u n a r  s u b s a t e l l i t e  c i u r 9 n q  s e v e r a l  

s u c c e s s i v e  o r b i t s  w h e n  t h e  moon was i n  t h e  s o l a r  wind a r e  p l o t t e d  

i n  F i g u r e  7 .  From t h e  p o i n t  o f  view of t h e  c o n d u c t i v i . t y  s tud ies ,  

t h e  i m p o r t a n t  f e a t u r e  o f  these p l o t s  i s  the  g r e a t e r  v a r i a b i l i t y  

o f  t he  m a g n e t i c  f i e l d  on the  day  s ide  o r  ups t r eam s i d e  o f  tne 

moon. T h e  obse rved  b e h a v i o r  shows t h a t  t h e  m a g n e t i c  f i e l d  

measured a t  t he  s u b s a t e l l i t e  w h e n  t h e  moon i s  i n  the  s o l a r  w i n d  

i n c l u d e s  a component d u e  t o  l u n a r  i n d u c t i o n .  T h e  pressure o f  t h i s  

component i n d i c a t e s  t h a t  d a t a  from the  s u b s a t e l l i t e  magnetometer ,  

78 

a l o n g  w i t h  s i m u l t a n e o u s  d a t a  f rom the  l u n a r  s u r f a c e  magnetometers  

and E x p l o r e r  35 magnetometer ,  can be used t o  produce  a d e t a i l e d ,  

t h r e e - d i m e n s i o n a l  model o f  t h e  i n t e r i o r  c o n d u c t i v i t y .  A t  t h i s  

w r i t i n g ,  t h e  c o n d u c t i v i t y  s t u d i e s  a r e  o n l y  j u s t  b e g i n n i n g  and 

no f u r t h e r  r e s u l t s  a r e  a v a i l a b l e .  
I 
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5 .  B o u n d a r y  L a y e r  S t u d i e s  

O b s e r v a t i o n s  o f  the  m a g n e t i c  f i e l d  a n d  p l a s m a  o b t a i n e d  w i t h  

t h e  l u n a r  o r b i t e r ,  E x p l o r e r  35,  h a v e  r e v e a l e d  a f a i r l y  c o n s i s t e n t  

p i c t u r e  o f  t h e  l a r g e - s c a l e  i n t e r a c t i o n  of  t h e  s o l a r  wind  w i t h  

t h e  moon. As shown s c h e m a t i c a l l y  i n  F i g u r e  2 ,  t h e  a b s e n c e  o f  a 

l u n a r  bow s h o c k  a l l o w s  m o s t  o f  t h e  s o l a r  w i n d  p l a s m a  t o  r e a c h  t he  

l u n a r  s u r f a c e  where i t  i s  a b s o r b e d .  As a c o n s e q u e n c e  o f  t h i s  

a b s o r p t i o n ,  a s o - c a l l e d  d i a m a g n e t i c  c a v i t y  e x i s t s  b e h i n d  t h e  moon, 

o r  d o w n s t r e a m  f r o m  t h e  moon, w h e n  t h e  moon i s  i n  the  s o l a r  w i n d .  

T h e  e s s e n t i a l  m a g n e t i c  f e a t u r e  o f  t h i s  c a v i t y  i s  a n  i n t e r i o r  may- 

n e t i c  f i e l d  s t r o n g e r  by a b o u t  1 . 5  gamma, o n  t h e  a v e r a g e ,  t h a n  the  

e x t e r i o r  f i e l d .  A t  t h e  b o u n d a r y  of t h i s  c a v i t y ,  t h e r e  i s  a s h a r p l y  

l a c a l i z e d  d e c r e a s e  i n  the  f i e i d  m a a n i t u d e  a D D r o x i m a t e i v  c o i n -  

c i d e n t  w i t h  t h e  b o u n d a r y  of t he  m o o n ' s  o p t i c a l  shadow.  

The  p r e l i m i n a r y  a n a l y s i s  o f  t h e  d a t a  from t h e  s u b s a t e l l i t e  

m a g n e t o m e t e r  i n d i c a t e s  t h a t  a d i a m a g n e t i c  i n c r e a s e  a l s o  a p p e a r s  a t  

the  l o w e r  a l t i t u d e  of  t h e  s u b s a t e l l i t e .  F i g u r e  8 s h o w s  a 12- 

o r b i t  a v e r a g e  o f  t h e  m e a s u r e m e n t s  r e c o r d e d  w h i l e  t h e  moon was i n  

t he  s o l a r  w i n d .  T h e  f i e l d  e n h a n c e m e n t  b e t w e e n  s a t e l l i t e  s u n s e t  

a n d  s a t e l l i t e  s u n r i s e  i s  r e a d i l y  d i s t i n g u i s h a b l e  a n d  i s  a p p r o x i -  

m a t e l y  1 gamma. 

D a t a  f r o m  E x p l o r e r  35 Rave a l s o  r e v e a l e d  t h e  e x i s t e n c e  of 

s p o r a d i c  f i e l d  d i s t u r b a n c e s  a d j a c e n t  t o  t h e  r a r e f a c t i o n  wave a t  

t h e  b o u n d a r y  o f  the d i a m a g n e t i c  c a v i t y  ( s e e  F i g u r e  9 ) .  M i h a l o v  

e t  a l .  ( 1 9 7 1 )  h a v e  shown t h a t  these d i s t u r b a n c e s  i n  t h e  s o l a r  w ind  
79 

#. f l o w  o c c u r  w h e n  c e r t a i n  r e g i o n s  o f  t he  l u n a r  s u r f a c e  a r e  a t  the  
1 

l i m b s .  T h e  g r e a t e s t  c o n c e n t r a t i o n  o f  d i s t u r b a n c e  s o u r c e s  was 
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found t o  be i n  a 15"  squa re  near  the  c r a t e r  Gagarin.  

O u r  p r e l i m i n a r y  a n a l y s i s  of t h e  s u b s a t e l l i t e  magnetometer 

d a t a  i n d i c a t e s  t h a t  s t r o n g  d i s t u r b a n c e s ,  o r  l i m b  e f f e c t s ,  a r e  

p r e s e n t  most  o f  t h e  time. These d i s t u r b a n c e s  produce more o r  

l e s s  c h a r a c t e r i s t i c  v a r i a t i o n s  i n  t h e  s u b s a t e l l i t e  magnetometer 

r eco rd .  Record s e c t i o n s  from o r b i t s  183-187 a r e  s h o w n  i n  F igure  

7 .  The d a t a  analyzed s o  f a r  s u g g e s t  t h a t  t h e  d i s t u r b a n c e s  such 

a s  those  appa ren t  near  t h e  s u n s e t  l i n e  occur  when n e a r - s i d e  

r eg ions  a r e  a t  the  l i m b s  a s  well  a s  f a r - s i d e  r eg ions  a r e  a t  the  

l imb. A 1 2  o r b i t  average p l o t t e d  i n  F igure  8 shows t h a t  limb 

e f f e c t s  a t  s a t e l l i t e  s u n r i s e ,  i . e . ,  a t  t h e  s u n s e t  limb o n  the  

moon, a r e  more p e r s i s t e n t  t h a n  t h o s e  a t  t h e  o t h e r  l imb. I t  

remaifis t o  be seen  Gjhether t h i s  p e r s i s t e c c e  i s  a conscquencz o f  

t h i s  a r e a ' s  being more e f f e c t i v e  i n  producing d i s t u r b a n c e s  o r  

some p rope r ty  of t h e  s o l a r  w i n d ,  such a s  the  o r i e n t a t i o n  of i t s  

magnetic f i e l d .  Thus, on the one hand t h e  d e t e c t i o n  of r e l a t i v e l y  

s t r o n g  remnant f i e l d s  i n  t h e  v i c i n i t y  o f  Gagarin would be con- 

s i s t e n t  w i t h  t h e  sugges t ion  of  M i h a l o v  e t  a l .  t h a t  t h e  l i m b  

e f f e c t s  d e t e c t e d  a t  Explorer  35 a r e  caused by l o c a l i z e d  r eg ions  

of  enhanced magnetic f i e l d s .  O n  t h e  o t h e r  h a n d ,  t h e  p re l imina ry  

i n d i c a t i o n  from t h e  s u b s a t e i l i t e  d a t a  t h a t  l i m b  d i s t u r b a n c e s  a r e  

p r e s e n t  more o f t e n  t h a n  n o t  a n d  t h a t  they a r e  j u s t  a s  g r e a t  when 

many o t h e r  r eg ions  a r e  a t  t h e  limb i n d i c a t e s  t h a t  f u r t h e r  s t u d y  

i s  r e q u i r e d  t o  e s t a b l i s h  the  causes  of t h e s e  d i s t u r b a n c e s  i n  t h e  

s o l a r  wind f low.  
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6.  Summary * i  
- 

A p r e l i m i n a r y  a n a l y s i s  o f  t h e  d a t a  f rom t h e  U C L A  mag- 

n e t o m e t e r  on board  t h e  Apo l lo  15 s u b s a t e l l i t e  i n d i c a t e s  t h a t  

remnant  m a g n e t i z a t i o n  i s  a c h a r a c t e r i s t i c  p r o p e r t y  o f  t h e  moon, 

t h a t  i t s  d i s t r i b u t i o n  i s  such a s  t o  produce  a r a t h e r  complex 

p a t t e r n  or f i n e  s t r u c t u r e ,  and t h a t  a d e t a i l e d  mapping o f  i t s  

d i s t r i b u t i o n  i s  f e a s i b l e  w i t h  t h e  p r e s e n t  experiment.  The 

a n a l y s i s  a l s o  shows t h a t  l u n a r  i n d u c t i o n  f i e l d s  produced by 

t r a n s i e n t s  i n  the  i n t e r p l a n e t a r y  magne t i c  f i e l d  a r e  d e t e c t a b l e  

a t  t h e  s a t e l l i t e  o r b i t  and t h a t  t h e  magnetometer  d a t a  wi l l  pro- 

v i d e  e s t i m a t e s  of  t h e  l a t i t u d e  and l o n g i t u d e  dependences  i n  t h e  

d i s t r i b u t i o n  of  i n t e r i o r  c o n d u c t i v i t y .  F i n a l l y ,  t h e  a n a l y s i s  
. I .  

i i i u i i a i e s  L i i a L  L i l t :  pias i l i a  vuici ur uiciiiiclrlrieLit L d v i  b y  t r i d L  furitis 
t 

b e h i n d  t h e  moon w h e n  t h e  moon i s  i n  t he  s o l a r  w i n d  e x t e n d s  t o  

some a l t i t u d e  below t h e  s a t e l l i t e  o r b i t  and p r o b a b l y  t o  t h e  l u n a r  

s u r f a c e  and t h a t  t he  f low o f  t h e  s o l a r  w i n d  n e a r  t h e  l i m b s  i s  

u s u a l l y  r a t h e r  s t r o n g l y  d i s t u r b e d .  

I t  s h o u l d  be emphasized t h a t  t h e s e  c o n c l u s i o n s  a r e ,  f o r  t he  

most p a r t ,  t e n t a t i v e .  Thei r  v e r i f i c a t i o n  must a w a i t  more de-  

t a i l e d  a n a l y s i s ,  improvements i n  s t a t i s t i c a l  a c c u r a c y ,  a n d  com- 

p a r i s o n s  w i t h  t he  l u n a r  s u r f a c e  magnetometers  a n d  t h e  E x p l o r e r  35 

magnetometer .  

I 



Acknowl edgments 

We a r e  indeb ted  t o  G .  Takahashi and h is  s t a f f  a t  Time Zero, 

I n c . ,  f o r  t h e i r  e f f o r t s  i n  the d e s i g n  and f a b r i c a t i o n  o f  the 

s u b s a t e l l i t e  magnetometer; and t-0 T .  Pederson,  R .  B r o w n ,  and  

t h e i r  s t a f f  a t  TRW Systems, I n c . ,  f o r  t h e i r  work i n  t h e  des ign  

and f a b r i c a t i o n  and t e s t i n g  of  the  s u b s a t e l l i t e  and the  i n t e g r a -  

tion o f  t he  magnetometer. Me a r e  p a r t i c u l a r l y  g r a t e f u l  t o  

C. Thorpe who was charged  wi th  t h e  d i f f i c u l t  t a s k  o f  con- 

t r o l l i n g  t h e  magnetic f i e l d s  o f  t h e  s u b s a t e l l i t e .  

The UCLA eng inee r ing  team was l ed  by R.C. Snare .  h e -  

l i m i n a r y  c i r c u i t  d e s i g n s  were done by t he  l a t e  R . F .  Klein .  The 

t e s t i n g  and c a l i b r a t i o n  of t h e  magnetometer was s u p e r v i s e d  by 

F.R.  George. We a r e  a l s o  g r a t e f u l  t o  t h e  many peo? le  a t  t he  
*a - - J  r - - - - - , - s a  r n r r + n m  *.ihn r n n y m i h t i t n d  +n t h ~  C I # ~ ~ Q < <  nf t h i s  
l I U ~ I l 1 G U  J y U b b b r  u *  Y C ~ .  . . I W W  -- - 

p r o j e c t ,  e s p e c i a l l y  J .  Johnson,  t h e  p rogram manager, 

and P .  L a f f e r t y ,  t h e  c o n t r a c t  t e c h n i c a l  monitor .  

No l i s t  o f  acknowledgments f o r  t h i s  experiment  can be C O N -  

p l e t e  w i thou t  a n  expres s ion  of a p p r e c i a t i o n  t o  a s t r o n a u t s  S c o t t ,  

I rwin ,  and Worden. T h r o u g h  t h e i r  e f f o r t s  Apollo 1 5  opened a 

new e r a  of space  e x p l o r a t i o n .  



R e f e r e n c e s  

C o l b u r n ,  D.S., R . G .  Currie,  J .D.  Mihalov ,  and C . P .  S o n e t t ,  
Diamagnet ic  s o l a r - w i n d  c a v i t y  d i s c o v e r e d  behind  Moon, 
S c i e n c e ,  158-, 1040 ,  1967.  

Dyal ,  P . ,  C . W .  P a r k i n ,  and C . P .  S o n e t t ,  Apo l lo  1 2  magnetometer :  
Measurements o f  a s t e a d y  m a g n e t i c  f i e l d  on t h e  s u r f a c e  o f  
t h e  moon, S c i e n c e ,  1 9 6 ,  7 6 2 ,  1970.  

Dya l ,  P . ,  and C . W .  P a r k i n ,  T h e  Apo l lo  T2  magnetometer  experiment:  
I n t e r n a l  l u n a r  p r o p e r t i e s  f rom t r a n s i e n t  and s t e a d y  m a g n e t i c  
f i e l d  measurements ,  P r e p r i n t ,  NASA-Ames Research  C e n t e r ,  1971.  

Dyal ,  P. ,  C . W .  P a r k i n ,  C . P .  S o n e t t ,  R . L .  DuBois, and G .  Simmons, 
Lunar p o r t a b l e  magnetometer  e x p e r i m e n t ,  P r e p r i n t  , NASA Ames 
Research  Center ,  T971. 

‘i 

Mihalov ,  J .D. ,  C.P. S o n e t t ,  J.H. B i n s a c k ,  and M.D. M o u t s o u l a s ,  
P o s s i b l e  f o s s i l  l u n a r  magnetism in fe r r ed  from s a t e l l i t e  
d a t a ,  -Science,  1 7 1 ,  892 ,  1971.  

6 .  S c h u b e r t ,  and K .  S c k w a r t z ,  Lunar e l e c t r i c a l  c o n d u c t i v i t y  
p r o f i l e ,  N a t u r e ,  -- 230, 359,  1971a.  

Co lburn ,  Lunar  e l e c t r i c a l  c o n d u c t i v i t y  f rom hpotio I L  mag- 
n e t o m e t e r  measurements:  Compos i t iona l  and the rma l  i n -  
f e r e n c e s ,  t o  a p p e a r  i n  Proc .  Apo l lo  1 2  Lunar  S c i e n c e  Conf . ,  
Geochini. Cosmochim. Acta .  S u p p l .  , 1 9 n b .  

o f  l u n a r  s amples  - b r e c c i a  and f i n e s ,  P r o c .  Apo l lo  12 Lunar 
- -  S c i .  Conf . ,  Geochim. Cosmochim. Ac ta .  S u p p l .  - 1 ,  3, 2534,  1970 .  

S o n e t t ,  L . P . ,  D.S. C o l b u r n ,  P .  Dya l ,  C . W .  P a r k i n ,  B . F .  S m i t h ,  

P . L L  P n r. c - L  L , . A  n r C-:LL I/ c,:. - . - A -  .,.,A n e 
J W t l t C L ,  C I . 1  ., U.  3 b l t U U c . l  b ,  U . 1  . 4IIl I  b l , ,  1.. d b  11.1 u ,  ” L ,  U‘,” Y . U .  

St rangway ,  D . W . ,  E . € .  t a r s o n ,  and C.W. P e a r c e ,  Magnet ic  s t u d i e s  



T a b l e  1 

Apo l lo  S u b s a t e l l i t e  Magnetometer S p e c i f i c a t i o n s  

Type : 

S e n s o r  C o n f i g u r a t i o n :  

M o u n t  i n g  : 

Dynamic Range : 

R e s o l u t i o n :  

Sampling R a t e s :  
Real Time: 
H i g h  Rate  S t o r a g e :  

Low Ra te  S t o r a g e :  

Power: 

Weight:  

S i z e :  

O p e r a t i n g  T e m p e r a t u r e  Range: 

Second-harmonic ,  s a t u r a b l e  c o r e  
f ? u x g a t e .  

Two sensors ,  one sensor p a r a l l e l  t o  
t h e  s a t e l l i t e  s p i n  a x i s  (B ) and 
one  p e r p e n d i c u l a r  t o  t h i s  $x is .  

S e n s o r  u n i t  a t  e n d  o f  6 - f o o t  boom. 
E l e c t r o n i c s  u n i t  i n  s p a c e c r a f t  
body. 

Two r a n g e s ,  a u t o m a t i c a l l y  s e l e c t e d .  
0-550 y a t  h i g h e r  s e n s i t i v i t y .  
0 - + Z O O  y a t  l ower  s e n s i t i v i t y .  

0 .4  y and 1 .6  y depend ing  on r a n g e .  

B p  e v e r y  2 s e c o n d s ,  BT e v e r y  s e c o n d .  
B p ,  B T  magn i tude  and B T  phase  once  

B p ,  B T  magni tude  and BT phase  once  
e v e r y  24  s e c o n d s .  

0 .70 w a t t s  

E l e c t r o n i c s  U n i t :  1 . 8  l b .  
S e n s o r  U n i t :  0 . 5  l b .  

E 1 e c  t r o n i c s U n i t : 1 1 I' x 6 . 2  5 I' x 1 .5 I' 
S e n s o r  U n i t :  0 .6"  diam. x 3 " .  

+160"F t o  -60" F .  



Figure  C a p t i o n s  

1 .  Schematic diagram showing t h e  t h r e e  r e g i o n s  of near -  

e a r t h  space  t r a v e r s e d  by t h e  moon. For m o s t  of each l u n a t i o n  

t h e  moon i s  i n  t h e  s o l a r  wind. The o t h e r  two r eg ions  a r e  t h e  

magnetosheath and t h e  t a i l  o f  t h e  geomagnetic c a v i t y .  T h e  p l ane  

o f  t h e  f i g u r e  i s  e s s e n t i a l l y  t h e  e c l i p t i c  p l ane .  The l a r g e  d o t  

a d j a c e n t  t o  t h e  l u n a r  s u r f a c e  marks t h e  approximate l o c a t i o n  of 

t h e  Apollo 1 2  l u n a r  s u r f a c e  magnetometer. 

2 .  Schematic diagram showing the  i n t e r a c t i o n  o f  t h e  s o l a r  

wind wi th  t h e  moon. Also shown a r e  t h e  o r b i t s  of the  l u n a r  sub- 

s a t e l l i t e  a n d  Explorer  35. The s k e t c h  i s  d r a w n  a s  though t h e  

o r b i t a l  p l anes  of b o t h  a r e  p a r a l l e l  t o  t h e  e c l i p t i c  p l ane .  

A c t u a l l y ,  t h e  former i s  i n c l i n e d  t o  t h e  e c l i p t i c  by about  25- 

? n o  - -  y;.l";!e t f i ~  ! ~ t . t p r  i s  i n c l i n e d  h y  a h o u t  15" ClrbiI-s n-!- t x -  

p l o r e r  35 a r e  shown f o r  t imes s e p a r a t e d  by 6 m o n t h s .  T h e  reg ion  

swept o u t  by t h e  Explorer  35 o r b i t  over  a 1 2 - m o n t h  i n t e r v a l  i s  

i n d i c a t e d  by bounding c i r c l e s .  

3.  B l o c k  diagram of the  Apollo 15 s u b s a t e l l i t e  magnetometer. 

4 .  Apollo s u b s a t e l l i t e  magnetometer. 

5. Measurements of B p  a n d  BT ob ta ined  whi le  t h e  moon was 

i n  t h e  geomagnetic t a i l ,  The va lues  p l o t t e d  a r e  averages  over  

n ine  s u c c e s s i v e  o r b i t s .  The l o n g i t u d e s  of t h e  i n t e r s e c t i o n s  of 

p e r p e n d i c u l a r s  from the c e n t e r s  and rims of  nearby major c r a t e r s  

w i t h  t h e  s a t e l l i t e  g r o u n d  t r a c k  a r e  a l s o  s h o w n .  The measured 

v a l u e s  were de r ived  from t e l eme te red  d a t a  u s i n g  a p r e l i m i n a r y  

c a l i b r a t i o n .  Consequent ly ,  t h e  a b s o l u t e  va lues  may be i n  

e r r o r  by a few gammas a l though t h e  i n d i c a t e d  v a r i a t i o n s  a r e  

a c c u r a t e .  The s a w - t o o t h  n a t u r e  of t h e  p l o t s  i n  c e r t a i n  reg ions  
I 
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i s  t h e  r e s u l t  o f  s t a t i s t i c a l  n o i s e  a n d  t h e  h i g h  r e s o l u t i o n  u s e d  

f o r  t h i s  p l o t .  

6 .  M e r c a t o r  p r o j e c t i o n  o f  t h e  f a r  s i d e  of the  moon s h o w i n g  

t h e  g r o u n d  t r a c k  o f  t h e  s a t e l l i t e  f o r  t h e  f i f t h  o r b i t  i n  t h e  n i n e  

o r b i t  s e q u e n c e  u s e d  i n  F i g u r e  5 .  

7.  P l o t s  o f  Bp a n d  BT f o r  f i v e  c o n s e c u t i v e  o r b i t s  d u r i n g  

w h i c h  t h e  moon was i n  t h e  s o l a r  w i n d .  

8 .  A v e r a g e s  o f  B p  a n d  BT c o m p u t e d  from 1 2  o r b i t s  d u r i n g  

w h i c h  the moon was i n  t h e  s o l a r  w i n d .  

9, D i a g r a m  d e p i c t i n g  t h e  r e l a t i v e  g e o m e t r y  o f  t h e  nioon a n d  

a r a r e f a c t i o n  wave a t  t h e  b o u n d a r y  of  t h e  d i a m a g n e t i c  c a v i t y .  
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ABSTRACT 

Measurements of high energy solar wind electrons have been 

made from a low orbit arcjund the moone Solar wind electrons can 

be identified up to energies of ~ 3 0 0 0  eV, where a n  electron population 

of different origin becomes dominant, 'The 3olar wind cavity on the 

moon's amtisolar side shows evidence of being filled by plasma coming 

from the downstream direction. When the direction of the interplane- 

t a r y  field corresponds to cp - 90 

across most of the Eastern sunlit side of the moon to within ~ 2 0 "  o f  

the noon meridian. There a re  incraases in the -600 eV electron flux 

over much of the sunlit hemisphcrc. These increases a r e  highly 

persistent and stable in their location over a 2& day period and hence 

a re  not due to intrinsic variations in the solar wind. They arc 

usually associated with disturbances in  the magnetic field. 

increases a r e  interpreted t o  be the result of an interaction between 

the solar wind on the sunlit sude of the moon which deflects some of 

the solar wind flow and which generates limb shocks. 

0 a partial solar wind cavity extends 

Thesc 

44 
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INTRODUCTION 

h m  On 4 August 1971 at 21 00 30.81 GMT, the Apollo 15 astronauts 

launched a small scientific spacecraft into an orbit about the moon. 

Within 20 minutes, information concerning the magnetic fields, plasmas 

and energetic particles in the close vicinity of the moon was transmitted 

to earth. 

has already provided several months of nearly continuous data coverage 

and is designed to  have a lifetime of about one year. 

The Apollo 15 particles and fields subsatellite (P and FS) 

Iinmediately following its launch, the astronauts observed and photo- 

graphed the satellite in space; the first time this ha8 been possible for 

a scientific satellite. A photograph of the spacecraft eeveral seconds 

after launch is shown here as Figure 1, 

The P and FS i e  instrumented to  make the following measurements 

(Principal Inveetigators a r e  indicated in parentheses): 

1. Plasma and energetic particle intensities (K. A. Anderson, 

University of California, Berkeley) 

2. Vector magnetic fields (P. J. Coleman, Jr., University of 

California, Los Angeles) 

Velocity of the P and FS to high precision for the purpoee 

of determining gravitational anomalies (W, Sjzgren, Je t  

Propulsion Laboratory), 

3. 

The main objectives of the plaema and energetic particle experi- 

ment on the subsatellite are: 

1. To describe the various plaema regimes in which the moon 

moves. 

To determine how the moon interacts with the plaernas and 

magnetic fields of its environment. 

2. 

J 
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3. To determine certain features of the earth's magnetospheric 

structure and dynamics. 

In what follows here we briefly describe the main features of the 

spacecraft, the particle detectors and results obtained to date from 

the plasma and energetic particle detectors concerning the interaction 

of the solar wind with the moon. 

DESCRIPTION OF THE PARTICLES AND FIELDS SUBSATELLITE 

This small scientific spacecraft has a mass  of about 38 kilograms 

and a length of 78 cm. 

between opposite corners is about 36 cm. 

deployable booms hinged from one of the end platforms. 

booms carr ies  the two-axis fluxgate magnetometer sensor while the 

other two car ry  t i p  masses to provide balance and a proper ratio of 

moment of inertia to avoid precession. The satellite has a short 

cylindrical section attached to one of the end platforms. 

fits into a barrel  attached to the Service and Instrument Module of the 

Apollo CSM. 

the same time imparts a spin. Precessional and nutational motion 

imparted by the launch and boom deployment was removed by a wobble 

damper. The spin axis of the satellite was  initially pointed normal to 

the ecliptic plane. 

resulted in an e r ro r  lese than one degree. The spin period is 5 seconds. 

Each of the six eides of the oatellite forms a solar panel. The power 

output of the a r r ay  i s  about 24 watts. 

the moon, the power is 14 watts. The power subeyatem also includes 

a battery pack of 11 silver-cadmium celle, 

The cross-section is hexagonal and the distance 

The satellite has three 

One of the 

This cylinder 

A compression spring pushes the satellite away and at 

Very precise pointing of the CSM by the astronauts 

Averaged over an orbit about 

1 
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The particle detectors, described in  some detail in the Appendix, 

include several electrostatic analyzers and two solid state telescopes. 

These instruments cover the electron kinetic energy range 530 eV to 

300 keV in 10 intervals, and 25 keV to 6 MeV for protons in six 

intervals. One of the analyzers (13.5 to 15 keV electrons) is sectored 

using a s  a reference the zero crossings of the transverse magnetic field 

component from the UCLA magnetometer. The telescopes point along 

the spin axis. The counting rates of the C1, C2, C3 and C4 analyzers 

are accumulated for one spin period. Therefore they provide spatially 

averaged intensity data over a certain (rather large) pitch angle interval. 

The C5 analyzer provides unidirectional intensities averaged over 45O 

pitch angle intervals. 

The detector characteristics a re  summarized in  Tables 1 and 2. 

A basic scientific requirement placed on the Subsatellite was that 

it must take particle and field data everywhere in the orbit about the 

moon. This required a data storage capability. The magnetic core 

memory unit employed provides a capacity of 49, 152 bits. Data can 

be read into the memory at a rate of 8 bits per second which allows 

coverage of nearly the entire orbit (2 hour period). Data can also be 

read in at 16 bits per second if it is desired to obtain better time 

resolution in the measurements at the expense of covering only about 

one-half the orbit. Real time data at the rate of 128 bits per second 

can also be acquired from the experiments but the tradeoff here is that 

battery power as well as solar cell power is being used beyond a ccrtain 

point. In normal operation, the transmitter is commandtad o n  aftcr 

the subsatellite appears from behind the moon. Real time housckeeping 

and scientific data are transmitted for a short time to insure that the 

receiving stations a re  locked onto the signal. Then the data in the 
1 
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memory unit a r e  dwnped in  512 seconds at a rate of 128 bits per 

second. The transmitter is then turned off and accumulation of data 

in the storage units begins again. A system block diagram of the 

fields and particles subsatellite is given in Figure 2. 

The perilune altitude of the satellite on its first revolution about 

the moon was 102 k m  and its apolune altitud.e, 139 km. The orbital 

period is 120 minutes to within a feiv seconds, and the orbit inclination 

with respect to the moon's equator is 28.5 . The sense of revolution 

about the moon is clockwise viewed from the North. Perturbations on 

the orbit affect the perilune. After about 50 revolutions the orbit had 

become nearly circular at an altitude of 120 km. 

decreased to 100 km on the 120th revolution after which it again began 

to increase. The inclination of the orbit is not appreciably changed by 

the perturbations. There is also a long t e rm variation of the lowest 

perilune reached in  the shorter t e rm cycle. It is expected that after 

some months the subsatellite may reach altitudes as low as 30 km 

before again increasing. 

0 

The perilune then 

RESULTS 

Analysis of data f rom the Apollo 15 subsatellite has so far pro- 

vided information on the following topics: 

1. The energy spectrum of the solar wind electrons at the 

highest energy end of the distribution, and their angular 

di st r zb ution. 

2. Tho .shape of the cavity producod i n  the aiolar wind hy 

thr riioon as eeen in -500 eV eolar wind electrons. 

3. The flow or' plasma over the sunlit side of the mGon. We 

have I'ound,enhanced fluxes of particles a t  certain fix'ed 

h 
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locations on the sunlit side of the moon, evidently 

indicating that at times some of the incident solar 

wind is deflected around the moon. 

Before turning to the results it is necessary to describe the orbit of 

the spacecraft in some detail, because of its extreme closeness to the 

moon. 

A drawing of the orbit viewed from directly above the orbital 

plane of the spacecraft i s  given in Figure 3. 

particular interest a r e  marked by Greek letters and by SS and SR. 

A t  SS (sunset) the spacecraft moves into the shadow of the moon, at 

SR (sunrise) it emerges. We have analyzed about 30 orbits over a 

2Q day period when the moon is in interplanetary space. 

longitude of the moon at this time varied from ahout 3 3 5 O  to Oo so 

that the moon is essentially directly upstream from the earth. During 

the first part of this period the interplanetary magnetic field tended 

to lie close to cp = 180 with variations of up to 15 . It slowly 

changed to cp N 90° f 15O and remained that way for about 20 hours. 

During this time the field was usually close to the ecliptic plane 

although for brief periods it would become rather steeply inclined. 

The magnetometer data has been furnished to us  by the UCLA group. 

It is therefore possible to compare the solar wind cavity characteristics 

for the cases of rp N 180° and 9 - 90° At these times the spacecraft 

orbit was oriented in such a way that when cp - 180° the orbital plane 

was parallel, to within a few degrees, to the magnetic field. Whtzn 

q’ \-# 00 , “ha orbit planc! made (an angle of -25 with rcerpc:r*t to 1 t i c k  

field. 

netic field a t  angles as small as this a re  inconsequential and i n  order 

to simplify the explanation of the orbit we now assumc that the 

Orbital positions of 

The ecliptic 

0 0 

C) 0 

The effects of orbital plane inclination with reepcct to tht* mag- 

i 
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interplanetary field always lies in the plane of the spacecraft orbit, 

Turning to Figure 3 with this assumption in mind we see that the 

straight lines and correspond to interplanetary field lines with 

y = 180° (or O*) tangent to the moonls surface and which a re  not 

distorted by the presence of the moon. 

a great deal of attention which it will be given by the IJCLA magneto- 

meter group. In a preliminary way, it is clear that the moon does 

indeed interact with the interplanetary medium and produce disturbances 

on the interplanetary field line, However, the changes in direction 

and magnitude a r e  nonetheless relatively small, being on the order of 

10 to 2070 at 120 km altitude YO that for the purposes we now have in 

mind the assumption of straight field lines is a realistic one. 

This latter assumption deserves 

The straight lines ef and gh then correspond to idealized inter- 

planetary field lines tangent to  the moon for which ri, = 90° (or 270O). 

The positions marked on the orbit then have the following significance: 

When cp = 180° (or Oo) the segments of the orbit y SS and SRh represent 

the only times when the spacecraft is on field lines which do not inter- 

sect the moon. (If the gyroradius of the particles is comparable with 

the altitude of tke spacecraft the moon can still affect the particle 

intensities on these field lines. Fo r  a detailed treatment of this pro- 

blem see McGuire, 1972. In the case of 600 eV electrons the gyro- 

radius at 90 Corresponding statements 

may be made for the CP = 90° (and 270°) case, although it should be 

noted that the field lines encoimtered as the spacecraft moves from 6 

to 8 completely cross the solar wind cavity region. 

0 pitch angle is only 8 km.) 

Figures 4 and 5 show particle and magnetic field data f o r  two 

revolutions about the moon, one for the case of cp N 180° and the other 

for ep  N 90°. There i s d a  data gap of about 10 minutes on each orbit 

'bs 



9. 

due to the memory readout. These examples a r e  highly representative 

of other revolutions during this 2* day period and therefore we need to 

show only these two. 

seen in Figures 4 and 5 a r e  considerably altered for reasons we do 

not yet understand. In particular, the increases A, B, C, D and E 

seen on the sunlit side of the moon which we attribute to a complex 

interaction of the solar wind with the moon a r e  not nearly as  clearly 

defined. However, for a considerable fraction of the time during that 

Before and after this 2* day period, the features 

part of a lunation when the moon is well upstream of the earth's bow 

shock, Figures 4 and 5 represent the observations very well. 

One more remark should be made before f u r t h e r  d i s c u s s i o n  

o f  F i g u r e s  4 a n d  5. We are quite certain that the observed 

530 to 680 eV electrons a r e  indeed part of the solar wind. 

because, independent of the interplanetary field direction, their lowest 

intensity is always encountered on the dark side of the moon even when 

the interplanetary field is directed across the cavity (cp N 90'). 

behavior is imposed on them by the collective properties of the solar 

wind plasma. On the other hand, higher energy particles such as 

those measured by C4 and C5 (5 to 8 keV and 13.5 to 15 keV electrons) 

a r e  guided by the magnetic field lines and a r e  not affected by collective 

properties of the solar wind since they a r e  observed to completely pene- 

trate the cavity. As will be shown in a later section, we believe these 

higher energy electrons belong to a population of particles having diffe- 

rent origin than the solar wind electrons. 

This is 

This 

d 
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The Solar Wind Cavity  in^ 500 eV Electrons for cp - 180° (or O o l  

1. The main feature of the solar wind cavity a t  an altitude of about 

120 k m  above the moon's surface is the order of magnitude 

decrease in the 4 keV electron flux on the dark side of the moon. 

The cavity is confined to the region between sunset and sunrise 

on the spacecraft as one expects it to  be from earlier work on 

Explorer 35 (Lyon et al., 1967). 

2. The edges of the cavity a r e  not completely sharp. Figure 4 

shows that at the western shadow edge (the one nearest sunset), 

the electron f lux does not reach a minimum until the subsatellite 

is 530 k m  from the shadow edge defined by a ray oriented 4O 

to the east with respect to the eun-moon line. (This takes into 

account the aberration of the solar wind.) Thus there is penetra- 

tion by a small fraction of the ~ 5 0 0  eV electrons into the cavity 

to distances much greater than the gyroradius of these particles. 

It seems quite possible that this penetration is associated with 

the much larger gyroradius of the ions. 

thermal energies of around 20 eV, but a small fraction (comparable 

with the fraction of electrons with energy 2500  eV) wil l  have 

energies up to  a few hundred eV. 

Most of the ions have 

The shadow edges for cp - 180° 

i 

typically decrease by a factor of l / e  when the spacecraft moves 

in f rom the &adow edge by about 150 km. A. 100 eV proton 

with 90'pitch angle has a gyroradius of 140 h. 

The deepest part of the cavity is displaced toward the western 3. 

edge of the cavity. 

8 keV electron f lux  toward the eastern terminator. 

metry could be due to a leaking into the cavity of plasma. 

moon is moving westward at  -30 km/sec and field lines a re  

There is then a gradual increase of the 

This asgym- 

The 

J 
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presumably slipping through the moon at this same rate. 

Therefore the field lines toward the western edge of the 

cavity a re  the ones most recently to have passed into the 

moon and therefore should be the ones most depleted of 

plasma. 

edge of the moon about two minutes later, 

interpret the gradual increase in flux as due to "back filling" 

of the cavity by a source with a characteristic time on the 

order of 10 minutes. 

The flux of electrons in the energy ranges 1.75 to 2.25 keV 

(C2) and 5.5 to 6.5 keV (C4) a r e  also decreased in the cavity 

region behind the moon. C2 drops to its background level 

while C4 does not, i, e., some 5.5 to 6.5 keV electrons pene- 

trate completely into the cavity. From the cp 180° result8 

above it is not possible to establish that the higher energy 

electrons ( 2  1.75 keV) a r e  indeed part of the solar wind distri- 

bution. Below we will show that somewhere between 2 and 5 

keV the observed electron fluxes have a different character 

than the Q keV electrons which can clearly be shown to  belong 

to  the solar wind distribution. Somewhere between 2 and 5 keV 

the electrons become guided completely by the interplanetary 

magnetic field and do not respond to the collective propertiea 

of the solar wind. 

The field lines then emerge from the eastern 

We therefore 

4. 

The Solar Wind Cavity in -500 aV Electronr for CP -90' 

1. There i a  nearly a two order of magnitude decreare in the a ksV 

electron intensity on the dark side of the moon. 

d 
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The western edge of the cavity is again not sharp. The cavity 

begins very close to sunset on the spacecraft with a 3070 decrease 

in the keV electron intensity. However, the minimum intensity 

in the cavity is not reached until well past the center of the 

moon's dark side, corresponding to position 8 of F igure  3 at  

which point the field line intersects the moon. Following this 

the shadow is very deep until a partial recovery of the electron 

flux occurs at sunrise on the spacecraft. However, the recovery 

is not complete until the spacecraft reaches the orbital position 

~1 at which time it can receive electrons from all directions. The 

presence of a flux of -5 X 10 4 electrons (cm' sr sec keV1-l 

across  this region extending from sunrise (SR) to  p can be inter- 

preted in te rms  of a pitch angle anisotropy in the -500 eV solar 

wind electrons: Only electrons from the West will be detected 

when the spacecraft is somewhere on the segment 8 to SS. 

flux is -3  X I 0  

This 
5 2 (cm sr sec keV)-'. When the spacecraft is on the 

segment SR to p only electrons moving from the East could be detected. 

4 Their f l u  is ~5 X 10 . 
ratio of -61, corresponds to a "temperature" anisotropy of 

roughly 10070. This is much larger than the 10 to 20% reported 

at much lower energies by the VELA group so that other effects 

This large flux anisotropy (a front to back 

may be involved, 

particle fluxes along the orbit segment SR to p: 

sectored C5 analyeer point6 directly at the moon it receives a 

flux of 1 to 2 (crn' ~r scc keV)O1 due to electrons of 13.5 to 15.0 

kuV anergy ( roe  Figure 0). 

for this  detector. 

from the moon (towatd the Eaet) h - ~ 5  (cn12 sr sec kt?V)'l. 

There is a further pecularity about the 
When the 

Thio i s  rsevaral timer background 

'rho flux of slactronu looking diractly away 
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On the other side of the moon no such effect is observed. 

We do not believe that the Eastern sunlit quadrant of 

the moon is emitting -15 keV electrons, nor do we believe 

that the rnoonls surface will  coulomb scatter electrons off the 

modn's surface to this extent. The other parts of the orbit 

show that this scatter efficiency must be less than 100/0. 

(From theoretical considerations we expect the backscatter 

efficiency to be about 50/0). Howcver, we do note that the 

magnetic field is generally disturbed over the sunlit side of 

the moon and perhaps ~ 2 0 %  of th?  incident -15  keV electrons 

can be magnetically scattered or  reflected upward. 

As the interplanetary field direction moves from cp 180° to 

9 N 90° the increases in 5.5 to 6.8 keV electrons also shift 

around by approximately 90 . 

3 .  

0 The increases no longer occur 

above the optical terminators where they occurred when cp was 

about 180°. They a r e  now above the subsolar point on the 

sunlit side (corresponding to the segment p to B )  and above the 

midnight sector on the dark side (segment 6 to e). It is thus 

clear that electrons of 5 keV energy and above can move 

through the cavity a s  freely as they can move past the front 

of the moon where there is no cavity. This can be seen in 

Figure 5 where it is evident that the 5.5 to 6.8 keV electrons 

have the same intensity behind the moon as in front. A similar 

statement applies to the 13.5 keV electrons. 

the electrons observed above 5 keV are  not bound by the collective 

It is thus clear that 

properties of the solar wind plasma. 

their motion is the interplanetary magnc*ti( fiold niicl tfw j>hyHi(*it I  

presence of the moon. 

The only extcrnal influence on 

d 
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4, For both this case and Cp- 1 80°, the magnetic field in the cavity is 

very stable. 

studied at greater distances by C-olburn et al. 0967) and Ness et al. (1967). 

The magnetic field in  this region has previously been 

- 
Energy Spectrum of the Solar Wind Electrons Above 500 eV 

The electron component of the solar wind was studied by 

Montgomery - et al. (1968) over the energy range 20 to 700 eV. They 

found that at low energied (up to about 70 eV) the electron population 

could be fit by a Maxwellian distribution. At energies above -100 

eV, a non-Maxwellian tail became dominant. One of our electrostatic 

analyzers, C1, responds to electron energies between 530 and 680 eV 

thus overlapping the energy range measured by the Vela experiment. 

A s  shown above this detector is responding to solar wind electrons. 

We also detect solar wind electrons in the C2 analyzer a t  energies 

between 1750 and 2250 eV. We a r e  unable to  determine a velocity 

distribution function with this information but we a r e  able to measure 

fluxes with considerable precision, 

flux is variable but usually l ies between 1.5 and 5 X 10 

keV)-l. 

150 (cm2 sr sec keV)'l at a time when the flux at 600 eV was 

4.5 x 10 

At a mean energy of 600 eV the 
5 2 (cm sr sec 

At a mean energy of about 2000 eV the flux is approximately 

5 (cm2 5r sec keV)-'. The thermal speeds of the electrons 

measured in this experiment a r e  much higher than the solar wind bulk 

speed: at 600 eV the speed is 14,000 km/sec. 

The low orbit of the spacecraft and the conclusion that there is a mode- 

rate strength interaction of the solar wind with the moon makes it 

difficult to know if  any distribution function measured from this orbit 

represents the free flowing solar wind. There a r e  directions of the 

interplanetary magnetic field and positions in  the orbit for which least 

perturbation of fluxes rand energies of the solar wind particles would 

4 

Jh 
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be expected. 

lines which pass at least 2 gyroradii above the lunar surface we 

might expect the least effect, especially if the interaction region B is 

When cp - 90° (or 270°) and the spacecraft is on field 

avoided. Choosing data in this way leads to the differential energy 

spectrum plotted in Figure 7. In that figure we have plotted data from 

the four electrostatic analyzers and the solid state telescopes. In 

the case of t!!e latter instruments we have made use of their ability 

to discriminate electrons and protons by means of the foil technique 

and we have also confirmed this identification using the fact that elec- 

trons and protons at the same energy have very different gyroradii 

and hence a r e  shadowed very differently by the moon. 

respond to pitch angles of -90° f 15O while the C1, 6 2  and C4 analyzers 

average over a wide range of pitch angles. The 13.5 t o  15 keV electron 

The telescopes 

analyzer directly shows, however, that the electrons at these higher 

energies a re  nearly isotropic (see Figures 8a and 8b). 

a re  -5 from the direction of the s u n  and 4 (cm2 sr sec keV)'l from 

The fluxes 

the antisolar direction when measured in the solar wind cavity. 

The question now arises,  does the entire spectrum shown in 

Figure 6 apply to solar wind electrons? The answer is probably not. 

It is quite clear that the 530 to  680 keV electrons are undergoing 

collective interactions and it appears that this is also true of the 1.75 

to 2.25 keV electrons. However, the 5.8 to  6.5 electrons a re  definitely 

being guided by the magnetic field as  are all the higher energy electrons, 

and they completely penetrate the solar wind cavity on the moon's dark 

side. Using these cri teria we would s a y  that the solar wind electron 

e n e r g y  s p e c t r u m  e x t e n d s  t o  - 2 0 0 0  e V  b u t  t h a t  s o m e w h e r e  
I 

above this energy a new component of electrons become dominant. 

The slope of the solar wind differential energy spectrum based on the 
d 
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two points, one at 530 to 680 eV and the other 1750 to  2250 eV when fitted 

by a power law, is represented by E 

becomes much less  steep for a time, then falls as E -3*5 above 20 keV. 

The origin of the new component is unknown. We can only comment 

that there a r e  three logical possibilities for its origin: 

-5.2 . Beyond -~2000 eV the spectrum 

1. Terrestr ia l  

2. Solar activity (flares, active centers) 

3. A "runaway" component of the solar wind electrons 

Increases in Solar W-ind Electron Intensity on the Sunlit Side of the Moon 

In Figures 4 and 5 it is seen that there is a great deal of varia- 

tion in the intensity of the -500 eV solar wind electrons. 

variations extend over the sunlit portion of the moon to  somewhat 

behind the Western terminator. The region of the Eastern terminator 

is not so well studied at the present time because of data readout 

occurring during these times. 

the largest and extend over the greatest distance. It should be noted 

that for q) - 180' the increase can be accounted for, in part at least, 

as a simple shadowing effect of the moon. The increase coincides 

with the orbital segment marked y-6-SS in Figure 3. On this segment 

the detector receives electrons from all directions since these field 

lines do not intersect the moon. 

the increases at D and E a r e  still present means that the simple 

unblocking of field lines cannot account for all  of this effect. 

These 

The increases marked D and E a r e  

However, the fazt that when cp N 90° 
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The increases at B extend over a rather broad region (-6OO) 

more or less  centered a t  the noon meridian. The increase at C is 

smaller but very persistent Bnd highly stable in its location. 

fact and others a r e  best seen in Figure 8 where the increases of 

the type A, B, C, D, and E are displayed for all available orbits 

over a two day period. A few orbits a r e  missing because of battery 

charging. The individual orbits a r e  lined up using a reference fixed 

with respect to  the sun. This reference is the time at which sunset 

occurs on the spacecraft. These orbits include a wide range of 

azimuthal angles of the interplanetary field. 

orbits, cp is around 180 . 
while in the remaining orbits the field varies between 90° and 180°. 

This 

In the first several 
0 The last several orbits have Cp 90° 

Feature C is seen to be present in 21 out of 22 crbits. It l ies in nearly 

the same position from orbit to orbit. Its average position is 57,6O f 3 . 6 O  

sunward of the sunset position over these 21 orbits. The average position 

of C lies about 37O ahead of the western terminator. 

symmetrically placed feature on the Eastern side of the moon has been 

inhibited by the presence of the data readout. In some cases a feature 

corresponding to C on the Eastern side, at other times it would fall 

into or  near the cavity where it extends around to the sunlit side of 

the moon corresponding to  cp N 90 . 
the corresponding feature on the eastern side seem8 to be absent, 

suggesting that feature C m a y  be weaker on one side than the other. 

Search for a 

0 There a r e  a very few cases when 

There is no discernible tendency for feature C to change its 

location with respect to a solar fixed reference. 

on the lunar aurfaxe move with respect to a solar fixed reference at  a 

For example, features 
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0 rate of about 13  per day as the moon turns about its axis. By 

measuring the average position of C for three consecutive intervals 

during this two day period we find it moves at only a rate of 2O f 

2 . 5 O  per day. 

The increase aver the subsolar region marked B contains a 

good deal of structure, 

located very closi: t o  the noon meridian ( C  = Oo) and at - 1 1 8 ~  to the 

west of the noon meridinn a re  quite persistent and stable in location, 

although not YO much B I as  feature C. Figure 4 and other examples 

show that the magnetic field is generally disturbed across thc sunlit 

side of the moon and especially above the terminators. There is a 

tendency for there to be magnetic disturbances at B (across the subsolar 

region) and sometimes coincident with the -500 eV electron increase 

at location C, It is clear that the -500 eV electron increases marked 

A, B, C, D and E and the associated magnetic disturbances a re  not 

entirely caused by intrinsic variations in the solar wind. The effects 

we have just described must therefore be due to the interaction of the 

moon with the solar wind. 

In Figure 7 it can be seen that increases 

SUMMARY AND DISCUSSION 

Properties of Solar Wind Electrons -500 to 2200 eV 

Electrons belonging to the solar wind electron component are 

present in the ranges 530 to 680 eV and 1.75 to 2.25 keV. Electrons 

a r e  present in the inkerpianetary medium with energies above these 

energiee but do not: exhibit collective properties a s  do thc 530 ta 2200 

eV electrons, F o r  examplr, electsone 3 6  keV are observed to be 

guided along interplanetarv f ie ld  linect and they a re  able to completely 

3 

r r 5  

i 

penchtrate the solar wiqd cavity tehi.nd the moon. Thus somewhere 
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between 2 keV and 6 keV electron population of a different solar o r  

terrestr ia l  origin become dominant, 

which the solar wind electrons become obscured by other particle 

populations is highly variable, depending on solar and/or magnetospheric 

conditions , 

No doubt the exact energy at 

When represented as a power law the solar wind energy spectrum 

in the energy range -500 to 2200 e V  falls as E- 5*2. 

be somewhat variable, and in particular there a r e  times when the 

higher energy electron channel (1.75 to 2.25 keV) is enhanced propor- 

tionately more than the 530 to 680 eV electron. 

This seems to 

The pitch angle distribution of solar wind electrons from -500 

to 2200 eV is highly anisotropic. 

planetary field f rom the sun may be 2 to 5 times the flux directed 

back toward the sun. This effect can be explained by a temperature 

anisotropy but it would apparently have to be somewhat larger than 

the 10 to 20% reported by the VELA group. When the anisotropic 

pitch angle distribution is used to interpret certain features of the 

solar wind cavity, "temperature" anisotropies of almost 2 to 1 would 

be required, 

energy portion of the non-Maxwellian component. 

The directional flu along the inter- 

However, this would be required only in the highest 

The Solar Wind Cavity 

There a re  regions behind the moon at an altitude of -120 k m  

where the intensity of -500 eV solar wind electrons drops by at least  

30 to  100 times below their intensity in front of the moon. This is 

true for all directions of the interplanetary magnetic field. 

When ep PJ 180° the 500 eV solar wind electrons penetrate into 

the cavity to distances of ~ 1 0 0  km which is much greater than the 

gyroradius of the, electron8 (about 8 km), 
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For interplanetary field directions of cp N 90° , there is also 

penetration of the ~ 5 0 0  eV electrons into the night side solar wind 

cavity. Electrons a r e  completely excluded only in a sector about 

25O wide lying on the Eastern side of the moon's dark side. 

partial cavity extends from somewhat behind the Eastern limb all the 

way to within -Zoo of the noon meridian. 

at least in part, in te rms  of a highly anisotropic pitch angle distribution 

with most of the electrons moving from West to East a t  these times. 

A 

This effect can be understood, 

Upstream Interaction of the Solar Wind with the Moon 

The increases in the 500 eV solar wind electron fluxes across 

the entire sunlit side of the moon a r e  not associated with intrinsic 

variations in the solar wind. 

spatial location with respect to a sun-fixed reference (or the solar 

wind flow direction). These increases a r e  often associated with 

disturbances of the magnetic field. 

These features a re  highly stable in 

Although present for  2 days these features seem to have been 

less  definite and weaker before and after the two day period. 

These spatially iixed features evidently represent an interaction 

between the solar wind and the moon. For example, if only a Mach 

(Whang and Ness, 1970) cone is present tangent to the moon slightly 

ahead of the sol.ar wind terminator, there should be no effects sunward 

of an orbital location near or  somewhat behind 6 in Figure 3. The 

behavior of the solar wind electrons and the magnetic field near the 

moon, ae shown in Figures 4, 5 and 8, seems to us to  be best 

interpreted in  te rms  of a partial deflection of the solar wind around 

the moon, accompanied by a shock (located at .4 and C in Figures 4, 
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5 and 8). Behind the shock there is a region in which the solar 

wind flow is considerably disturbed as evidenced by both the behavior 

of the solar wind electrons and the magnetic field. (Note, for 

example, in Figure 5 the disturbed field between 35O ahead of the 

terminator back to the terminator. The increased flux of -600 eV 

electrons at  D and E are also characteristic of this region.) If the 

effects at A and C are indeed due to a shock, it cannot be a detached 

bow shock because of its low altitude location far off the sun-moon 

line. The idea of an attached limb shock, however, seems to best 

explain the observations presented here. The theory of limb shocks 

has been partly developed for the case of the moon by Michel (1964), 

Hollweg (1968) and by Sousk and Lenchek (1971). 

Previously, there has been experimental evidence for an inter- 

action involving partial deflection of the solar wind flow around the 

moon. Siscoe et al, (1969) found plasma and magnetic field effects 

outside the expected position of a Mach cone. These measurements 

were made at much larger distances (-2500 km) from the moon's 

surface than those described here. 

position of the Mach cone at which they believed they found a disturbed 

solar wind flow is in rough agreement with the extrapolated position 

of a limb shock attached approximately 45O ahead of the moon's 

te r minato r . 

The distance beyond the expected 

It remains to understand the disturbances in the solar wind elec- 

trons and magnetic field near the moon's noon meridian (B in 

Figures 4, 5 and 8). 

therefore appear to  be incompatible with this idea. However, it is 

known that effects do exist upstream f-om the earth's bow shook. 

These necessarily lie outside a limb shock and 

d 
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Also, it could be that more than one form of interaction is involved. At  this 

point we can only s a y  that there exists at least one mechanism for the inter- 

action o€ the solar wind with the moon over its sunlit hemisphere. A t  least  

some of the observed effects of the interaction can be understood in terms 

of limb shocks attached to the moon roughly halfway between the sub-  

solar region and its terminators. 

It is interesting to ask if there is a relation between the umbral 

increases in the magnetic field (Golburn _I et al., 1961;  Ness et _I al., 1968) 

beyand the Mach cone behind the moon at the orbit of Explorer 35 with the low 

altitude magnetic field and plasma electron disturbances on the sunlit side of 

the moon reportcd here. W e  note the following: 

1.  The penumbral increases a re  not present on all occasions. 

true of tho field and plasma disturbances over the sunlit surface of the 

This is also 

moon. 

A penumbral increase may be present over one side of the cavity but not 
1 

2. 

on the other. This asymmetry (or time variation) also occurs in the 

field and plasma disturbances over the sunlit surface. 

3. The penumbral increases lie several hundred kilometers outside the sur- 

face of the M.ach cone (Ness et  al., 1968). If the plasma and field 

effects present over the sunlit side of the moon a re  interpreted as 

disturbances due to  the presence of limb shocks an extrapolation of 

these shock surfaces behind the moon to the Explorer-35 orbit would 

place them sevcral hundred kilometers outside the Mach cone. 

4. If the disturbances in the solar wind lying outside the Mach cone a re  

interpreted as  being due to limb shocks, then the remarks above lead 

to the conclusion that the limb shocks come and go, and may perhaps 

be asycimctrical. This implies that the agent deviating the plasma 

flow is variallc in i t a  effi*ct, i. e . ,  if it i H  a lunar atniosphere thikt 

B 

deviates the flaw, the atmosphere is in some sense variable. 
I( 
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APPENDIX 

The subsatellite scientific instrumentation includes several 

fixed-voltage electric field analyzers for electron measurement over 

the range 500 to 15,000 eV. Because of power, weight and volume 

limitations, there a re  no proton measurements in  this range. The 

decision in favor of emphasizing electrons rather than protons was 

due to the faet that electron shadowing by the moon gives more 

physical information. However, protons as well a s  electrons a re  

measured in the two solid state telescopes over the energy range 20 

keV to 4 MeV. Tables 1 and 2 list the main parameters of the 

detectors. 

and energetic particle detectors. 

In this Appendix we describe in  some detail the plasma 

Energetic Particle Telescopes 

Absolute intensities and energy spectra of electrons and protons 

in the range 20 to about 700 keV a r e  obtained from two telescopes 

utilizing solid state particle detectors (see Figure 9)'. Each telescope 

contains a 25 mxn silicon surface barrier detector. In terma of 

particle kinetic energies this detector has a thickness that stops elec- 

trons below 320 keV and protons below 4 MeV. 
2 is a second one of 50 nun area. 

placed in  anticoincidence with the front detector. 

2 

Behind thie detector 

The output of the back detector is 

d 
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The front detector is a fully depleted surface barrier detector 

mounted with the active surface barrier side away from the collimator. 

Thus the positively biased (aluminum coated) surface is the particle 

entrance surface, This orientation minimizes radiation damage effects 

and light sensitivity while providing a thin (40 p g/c.in ) entrance window. 

The opposite surface of the front rletector is the surface barrier 

2 

2 covered by evaporated gold with a thickeess of 40 p g / c m  , The rear  

detector is oriented oppositdy so that the surface barriers of the two 

detectors directly facc? one another. 
2 One of the telescopes has an organic foil of thickness 375 p g / c m  

ahead of the front sohd state detector. This foil, uniform in thickness 

to 1070, stops incident protons with energy up to 310 keV but reduces 

the energy of a 26 keV electron by only 5 keV. 

small energy shift, a f l u x  of electrons with energies in  the 20 to 320 

Thus, except for a 

keV range would cause both telescopes to count at the same rate. 
However, when protons a re  incident on the telescopes the counting rates 

will show large differences. 

crimination we can also make use of the fact that protons and electrons 

of the same energy a re  shadowed by the moon quite differently. 

In addition to this means of particle dis- 

Detector pulses are analyzed into eight energy channels whose 

nominal thresholds a re  given in Table 2. The upper two channels a re  

transmitted in calibration mode only, being substituted for low-energy 

proton data as shown in the Table. The electron thresholds a r e  switched 

when the analyzer is switched from one telescope to the other so that 

the channel edges correspond to thc same incident electron cncrgy to 

compensate for the loss i n  the foil (approximately 5 keV at the lowest 

threshold). The foil and tlle 320 and 520 keV threshold8 are  adjusted 

so that: d 
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1. 90 to 340 keV protons detected by the open telescope 

a r e  degraded below the loweet threshold of the shielded 

telescope. 

2. 340 to 520 keV protons detected by the open telescope 

deposit 20 to 320 keV in the shielded telescope. 

When the 340 to 520 keV proton fluxes detected by the telescope 

covered by the foil a r e  low then these constraints allow a subtraction 

of the proton and electron spectra. 

A weak radioactive source (plutonium 239) is placed near the 

front detector in each telescope. Alpha particles from these sources 

provide well defined and known energy losses as  a check on detector 

and electronics stability. 

The low energy thresholds of the telescopes may be varied by 

ground command. This feature was included since it was desired to 

operate the telescope as near the thermal noise level8 as possible. 

The two threshold settings available on the Apollo 15 subsatellite a r e  

18 and 21 keV. Becauee of somewhat higher temperatures t b n  anti- 

cipated the threshold was raised to 21 keV during the first week of 

operation in orbit. 

The Electrostatic Analyzers 

The electrostatic analyzer assembly consists of four electrostatic 

analyzers, analog electronics, high voltage power supplies, and logic 

circuits in the programming and .data handling subassembly. 

electrostatic anolyeer coneiete of two concentric sections of spherical 

copper platerr. 

inner plate is raised to a positive potential. 

to provide a 180° X 90° volume between them for the electron trajec- 

tories. One of the analyzers (C5) is shown in Figure 10. 

Each 

The outer plate in each pair i e  grounded, while the 

The platee a re  shaped 



2 8. 

Analyzers C l  and C2 a r e  geometrically identical, and employ 

one channel multiplier (without funnel) to detect intense fluxes of low 

energy electrons. They differ only in the plate voltage, and hence i n  

the mean detected energy. Analyzers C3 and C4 use the same set of 

plates but the 0utpu.t of C4 is derived from two funnel-mouthed multi- 

pliers in parallel. 

aperture multiplier. 

The funnel multipliers a r e  surrounded by a plastic scintillator viewed 

by a photomultiplier, which is connected in anticoincidence to eliminate 

The output of C3 is derived from one small- 

This arrangement permits a wider dynamic range. 

charged particle counts induced by cosmic rays.  

The electrostatic analyzers a r e  oriented perpendicular to the spin 

axis. To avoid spin biasing of the data due to directional anisotropy 

of particle f lux ,  data a re  accumulated for  integral spin periods only. 

In addition, the output of the C5 detector is time division multi- 

plexed such that particle intensities from various sectcjrs of satellite 

rotation can be obtained. The sectoring is made with respect to the 

magnetic field line as sensed by the transverse magnetometer. The 

sectors a r e  defined as follows: 

Sector I -45O to +45O of €3 field vector 

Sector II t45O to +90° and f Z ? O 0  to 315* 

Sector LII t9Oo to t135O and 225O to 270° 

Sector IV t135O to 225' of B field vector 
The precision to which each sector edge is determined is k 5 O .  This 

technique of sectoring off the magnetometer output allows us to obtain a 1s 

particle pitch angle distribution directly, thus avoiding costly and time 

consuming merging of magnetometer and particle data a t  a much later date. 
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FIGURE CAPTIONS 

1. The subsatellite a few seconds after ejection from the SIM. 

The photograph is from a frame of the motion picture film 

taken by the astronauts. 

2. Functional block diagram of the subsatellite. 

3. The Apollo 15 subsatellite orbit is approximated for the purposes 

here as having constant altitude of 120 km and Oo inclination. 

The lines ab and cd may be thought of a s  undisturbed interplane- 

t a r y  field lines with 

gh represent interplanetary field lines with CP = 90° (or 270°) and 

= 180° (or Oo) and 0 = Oo. Lines ef and 

0 = oo. 

4. Electron and magnetic field data fo r  an orbit about the moon 

during which ep  was close to 180°. 

features. The magnetic field in  the solar wind cavity is seen 

to be very quiet but it is disturbed over :he sunlit side. The 

features A, B, C, D and E ar ise  in  an interaction between the 

solar wind and the moon. 

The electron and magnetic field data for about 1 8  orbits when 

Many orbits show the same 

5. 

0 remained close to 90 . The interaction features still appear. 

A partial cavity in  the solar wind electrons extends well into 

the sunlit side of the mo;on. 

6, One of the electron analyzers is sectored. When the spacecraft 

is on orbit segments y to SS and SR to  h nearly equal fluxes a r e  

received in the direction of the interplanetary field and anti- 

parallel to it. F rom the lower panel it is seen that these 

particles completely penetrate the cavity on the night side. 

These electrons a re  not part of the solar wind electron dirstri- 

bution. 
4 
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8. 

9. 

10. 

30. 
Energy spectrum obtained over a several hour period when the 

moon was close to the sun-earth line. The solar wind electron 

spectrum disappears into a different particle population around 

-3  keV. 

The features A, B, C, I) and E of Figures 4 and 5 appear on 

nearly all orbits during a two day period in the solar wind. 

Feature C appears most regularly and is very stable i n  its 

position with respect t o  a sun-fixed system. These features 

a r e  therefore due to an interaction of the solar wind with the 

moon, evidently involving some deflection of the flow. 

One of the solid state telescopes used on the subsatellite to 

detect electrons and protons in the energy range 20 to 4000 

keV. The other telescope is identical to this except it has no 

foil. The foil has a very large effect on protons in the range 

of interest thereby allowing particle identification. 

The largest electrostatic analyzer (C5) flown on the subsatellite. 

It measures electrons in the energy interval 13.5 to 15 keV 

with high sensitivity and is secto-ed using the magnetometer 

output as reference. The other analyzers a re  similar but 

measure electrons at lower energies. 

?t 
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Table 2. Solid State Telescope Energy Channels 

Channel No. 

1 

Normal Mode 
Energy Range, keV 

20*-320 

2 40 - 80 

3 80 - 160 

4 160 - 320 

5 320 - 520 

6 520 - 670 

Calibration Mode 
Energy Range, keV 

20*- 320 

40 - 80 

80 - 160 

160 - 320 

2000 - 4000 

>4000 

*Lowest threshold is adjusted to provige a specified noise counting 
rate. This threshold can be increased approximately 5 keV by 
ground command. 
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16763-41 B 

FOREWORD 

Provided herein is the P & F Subsatellite command l i s t .  Included are 
the modulation type information b i t  encoding, vehicle address, system address, 
word format, verification code format, command l i s t ,  and functional descriptions. 

T h i s  document has been prepared i n  accordance w i t h  Contract rlAS9-10800, 
E x h i b i t  A ,  Paragraph 4.6.4, and Exhibit C Document Table Item 41. 

Revision A incorporated the changes identified during the Crit ical  Design 
Review (CDR) o f  July 14 and 15, and of subsequent agreements w i t h  the NASA/MSC 
Experiment Manager. 

B Revision B incorporates NASA/MSC's comments on Revision A made subsequent 
t o  the CDR. 
indicator i n  the l e f t  hand margin adjacent t o  the changed l ine ,  or t o p  l i ne  of 
a changed paragraph o r  section. 
such as typographical e r ror  corrections. 
changes from MSC & PI review of the f i r s t  version of Revis ion 6 as identified 
a t  the September Management Review. 

Changes f o r  revision B are spotlighted by the presence o f  a "B" 

The indicator i s  not  used for minor changes 
Revision B also incorporates the 

ii i 
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1.0 INTROOUCTION AN0 SCOPE 

This document specifies all of the uplink command interfaces 
between the NASA MSFN (Manned Space Flight Network) and the 
Particles and Fields Subsatellite (hereinafter referred to as the 
Subsatellite). It specifies: 

a. Yidtllation type 
b. Information bit encoding 
c. Vehicle address 
d. System address 
e. Word formats 
f. 

8 g. Coma-nd list 
B h, Functional descriptions 

2.0 RELATED DOCUMENTATION 

a. MSC: BIAS 9-30800 

Verification code formats (downlink telemetry) 

b. TRW: SY1-368 

C .  TW: 16763-42 
B 

d. TRW: EQ4-918 

Contract for design, development, 
fabrication, test, and delivery of 
flight qualified S-band Partjcles 
and fields Subsatellites. 

Particles and fields Subsatellite 
fnd Item Specification. 

Particles and Fields Subsatellite 
MS-FN Communications System Signal 
Performance and Interface Spec- 
i f i cation. 

Equipment Speci f icati on - Command 
Decoder Unit, P & F Subsatellit9. 

d 
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, I  
3.0 

3.1 

1 

3; 2 

MODULATION 

Subcarrier 

The Subsa te l l i t e  is designed t o  receive digital..  ( subbi t )  
information from t h e  NSFh ground t ransmit ters  v i a  S-band (2101.802 
MIiz). T h i s  subbit  information ( 5  subbi ts  equals one information 
b i t )  is t ransmit ted by the  ground s t a t ion  through the  use of phase 
s h i f t  keyed - frequency modulation (PSK-FM) uf t h e  70 Kh'z S-band 
subcar r ie r  I 
are defined tis follows: 

i 
I 

The center  frequency and t h e  frequency deviat ions 

I S-bana Subcarrier 

f0 = 70 mz 

PSK Composite 

The composite audio (see Figures l.~., and 1.d.) used t o  rnoduhte 
the  subcar r ie r  frequency is  produced by phase s h i f t  keying a 2 KHz 
i n fomat i en  s igna l  (sinewave) i n  conJtmct.ion w i t h  a 1 KHz sync 
signal  (sinewave). The digi ta l  information is  defined as 
follows : 

a, 

a 

A subbi t  "one" begins when t h e  pos i t i ve  t r ans i t i on  of 
t h e  1 KHz sync signal. and the 2 K H z  information s igna l  
crass each o the r  i n  phase (see Figure 1.a.). 

, 
b. A subbit "zero"' begins when the  pasftiae t r a n s i t i o n  of 

the  1 Kriz sync signal. crosses tk 2 KHz in fomat ion  signal 
~ 8 0 0  out of phase (see Figure l .b,) .  

3.3 

c. The subbit period is one millisecond. c 

Signal  Po la r i ty  

!Fhe po la r i ty  of the overall command system s h a X  be defined. 
as follows: 

a, With the  composite input voltage wavefonn shown in Figure l.c., 
t h e  freqaency-tine re la t ionship  shall be as presented i n  Figure 
Le.* which s h a l l  be recognized by t he  Subsa te l l i t e  8s a subWt 

With the  comp6site input voltage waveform shown in  Figure l . d . ,  t h e  
frequency-time re la t ionship  s h a l l  be as presented i n  Figure l.f., 
which s h a l l  be recognized by t h e  Subsa te l l i t e  as a subbit  

one. 'I 
I1 

b. 

I# zero, rt 

-2- 
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+V 

SIGNAL 
RETURN 

-V 

+V 

SIGNAL 
RETURN 

-V 

'Figure a. 
1 KHz SYNC WITH 2 KHz INFOR- 
MATION I N  PHASE (SUBBIT "ONE") 

i 

[Figure c. 
(COMPOSITE IJPVT VOLTAGE 
WAVEFORM FOR SUBBIT "ONE") 

f, + Af 
PEAK 

PO t 

f, - Af 
SHIP FOR SUBEiIT "QNE") 

-V I Figure b. 
1 KHZ SYNC WlTH 2 K H Z  INFOR- 
MATION l9O0 C)UT OF PHASE 
( SUBBIT ''ZERO" ) 

+v I 

t 

(COWOSITE 13" V3i.TkCE 
WAVEFORIY FOR SUBBIT "ZERI?" ) 

fo + M  

f0 

PEAK 

f, - b f  I Figure f. 
(FREQUEICY-TIhE FELATIOK- 
SHIP FOR SUEBIT "Z?iRO'') 

PEM 

S-BAND SUBCARRIER 

f0 = 70 KHZ 

f, + Af PEAK = 75 K H Z  

f, - Af PEAK = 65 KHZ 

FIGURE 1. COMMAND SIGXAL POLARITY 
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4.0 INFORMATION BIT ENGODIflG 

4.1 Vehicle Address Subbit  Encoding 

The f i rs t  three information b i t s  t ransmi t ted  a r e  the Vehicle 
address  and a r e  s u b b i t  encoded (5 f o r  1 )  a s  def ined i n  equip- 
men t s peci f i c a t  i on EQ4-9 1 8. 

4.2 System Address and Data Subbi t  Encoding 

The next three information b i t s  t ransmi t ted  ( t h e  Systems Address) 
and the remaining information b i t s  ( t h e  Data) a r e  s u b b i t  encoded 
(5 .for 1 )  as defined i n  equipment s p e c i f i c a t i o n  EQ4-918. 

h 
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. 5.0 VEHICLI;: ADDRESS 

The Vehicle Address fo r  Subsatel l i te  #1 is "010" (oc ta l  2). The 
Vehicle Address f o r  Subsatel l i te  #2 is  "101" (oc ta l  5 ) .  Left 
information bit is transmitted first. 

.r 

6.0 SYSTEM ADDRESS 

The System Address for  both Subsatel l i tes  i s  "110" (oc ta l  6). 
Lef t  infornation b i t  is transmitted first. 

1 

7.0 MESSAGE F 'OWT 

7.1 R e a l - T i m  C m a n d s  

FIGURE 2. 

x x x  x x x 

RTC (real-time commmd) message b i t s  are s h i f t e d  i n t o  the Subsstel- 
l i t e  discriminator/decoder s e r i a l l j ,  b i t  1 first and sequen t id ly  
through and including b i t  12 at a norninal rate of 200 messsc 
(informatior) b i t s  .per second. 

There are a to t a l  of 24 cmmmds that are implenented includitlg 
5 spare comnands and 2 pre f l igh t  test  commands. 

. 
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7.2 Real Time Command L i s t  

INFO BITS 
7 8 9 10 11 12 

0 0 0  0 1 0  
0 0 0  1 0 0  
o a o  I 1 1  
0 0 1  0 0 0  
0 0 1  1 0 1  
0 0 1  1 1 0  
0 1 0  1 0 1  
0 1 0  1 1 0  
0 1 1  0 0 1  
0 1 1  0 1 0  
0 1 1  1 0 0  
0 1 1  1 1 1  
1 0 0  1 O F  
1 0 0  1 1 0  
1 0 1  0 0 1  
1 0 1  0 1 0  
1 0 1  1 0 0  
I 0 1  1 1 1  
1 1 0  0 0 1  
1 1 0  0 ? O  
1 1 0  1 1 1  
1 1 1  0 0 0  
0 1 0  0 0 0  
0 1 0  0 1 1  

COMMAND* OCTAL I FUNCTION 

2602 
2604 
2607 
261 0 
261 5 
261 6 
2625 
2626 
2631 
2632 
2634 
2637 
2645 
2646 
2651 
2652 
2654 
2657 
2661 
2662 
2667 
2670 
2620 
2623 

PHA THRESHOLD HIGH 
PHA THRESHOLD LON 
CALIBRATE ON 

€ALJBRATE OFF 
TRANSPONDER ON 
TRANSPONDER OFF 
EXPERIMENT/DATA POWER ON 
EXPERIMENT/DATA POWER OFF 
HIGH VOLTAGE OFF 
HIGH VOLTAGE OM 
UNDERVOLTAGE PROTECTION OUT 

UNDERVOLTAGE PROTECTION I N  
REAL TIME DATA MODE 
MEMORY READOUT MODE 

TELEMETRY STORE NORMAL 
TELEM-ETRY STORE FAST 
SPARE 
AUTOMATIC CYCLE MODE 
SPARE 

SPARE 
SPARE 
SPARE 
Pre-Fl ight  Test Control-On i Pre-Fl ight  Test Control-Off 

*Octal commands indi  cate vehic le  address f o r  subsatel 1 i t e  # I .  To 

obta in  the oc ta l  codes f o r  s u b s a t e l l i t e  #2, oc ta l  2602, f o r  example, 

beccxs  5602, etc.  

Figure 3 

-6- 
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0 0 0  0 
1 0 1 1 

8.0 VERIFICATION CODE FORMAT 

B 
6 

The foTlowing codes are transferred by the command decoder t o  the 
Data Handling System which are injected i n  the PCM format. 

I MESSAGE 1 1 2 3  4 1  

FIGURE 4.  

NOTE: Bit 1 (most significant b i t )  i s  transmitted f i r s t .  

9.0 CCMMAND FUNCTIONAL DESCRIPTION 
The normal subsatellite response to  each command i s  described in 
this section. 

9.1 FHA Threshold High - The minimum threshold o f  the solid s ta te  telescope 
pulse height analyzer is  set t o  the h i g h  level. 
detectable particle energy t o  nominally 20 kev. 

9.2 PHA Threshold Low - The minimum threshold of the solid s ta te  telescope 
pulse height analyzer is set t o  a low value, established on the basis 
of pre-flight calibrations. 

This raises the minimum 

9.3 Calibrate ON - T h i s  command performs three functions: 1 )  T h e  anti-  
coincidence logic in the electrostatic analyzer i s  inhibited enablinq 
background putses t o  be counted. 
s ta te  telescope PHA i s  shifted such t h a t  counts from a radio active source 
are detected. 
sensors as a calibration of the sensor level. 
used i n  real time or telemetry store modes. 

9.4 Calibrate OFF - The calibrate mode is terminated by this  command. 

2 )  The discriminator level i n  the solid 

3) A known magnetic f ie ld  i s  applied t o  the magnetometer 
The calibrate mode may be 

d 
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9.5 Transponder ON - With an u p l i n k  s igna l  present, the t r a n s m i t t e r  turns 
on i n  the coherent  t r ack ing  mode. 
upl ink s i g n a l ,  the t r a n s m i t t e r  turns o f f  automatical ly .  
receiver locks t o  an u p l i n k  s i g n a l ,  the t r a n s m i t t e r  will t u r n  on, and 
each time the u p l i n k  d i sappears ,  the t r a n s m i t t e r  turns o f f .  T h i s  command 
does not  a f f e c t  the mode of  operat ion of the s u b s a t e l l i t e  da ta  system. 
I f  the s u b s a t e l l i t e  i s  already i n  a da t a  t r ansmi t t i ng  mode, this command 
will produce no observable  change i n  opera t ion  u n t i l  the da ta  t r ans -  
m i  t t i n g  mode i s  terminated. 
Transponder OFF - The t r a n s m i t t e r  turns o f f ,  unless i t  has a l s o  been 
turned  on by a Real Time Data or Memory Read O u t  command, o r  is ON i n  
the da ta  t r ansmi t t i ng  por t ion  o f  the Automatic Cycle mode. T h i s  comnand 
does not affect  the experiment o r  da t a  handling system mode o f  operat ion.  

I f  the rece ive r  is  not  locked t o  an 
Each time the 

3.6 

B 
9. 7 Experiment/Data Power ON - The low vol tage  power supp1.y i n  the p a r t i c l e  

d e t e c t o r  e l e c t r o n i c s  turns on,  supplying power t o  the da ta  handling system 
and t o  the scient i f ic  instruments. 
i n  the rea l  time da ta  mode of ope ra t ion ,  however, the time required f o r  
ac tua t ion  of the RTD mode may be up t o  24 seconds from power turn-on 
since the DEU performs the mode change a t  the end of the main frame. 
Since a t  i n i t i a l  turn-on, the DEU can be i n  any mode, including da ta  
s t o r a g e  normal, the main frame period may be 2 ,  12 ,  or 24 seconds long. 
Thus w i t h  this comnand, the t r a n s m i t t e r  may come on w i t h  modulation a t  
any time from 0 t o  24 seconds after cornand executton. 
Experimen,t/Data Power OFF - The low vol tage  pawer supply i n  the p a r t i c l e  
d e t e c t o r  e l e c t r o n i c s  turns o f f ,  removing power from the d a t a  handling syster 
and t h e  scientific instruments. Note t h a t  removal o f  power from the DEU 
turns OFF the s a t e l l i t e  clock and time correlation before  and a f t e r  power 
i n t e r r u p t i o n  will be d is rupted .  The power off comnand should only be 
used when t h e  b a t t e r y  is i n  jeopardy of  being depleted o r  when powcr 
consumption must be conserved for extended t r ack ing  opera t ions  

Power appl ied  t o  the DEU will result 

9.8 

0 

-8- 
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9.9 High Voltage OFF - The high'voltage power supply  i n  the par t ic le  
detector electronics turns o f f ,  removing h i g h  voltage from the ana lyze r  
plates, the channel trons and the photomul t ip1 i e r  tubes and thereby 
deactivating the e l ec t ros t a t i c  analyzers. 

9.10 Hish Voltage ON - The h i g h  voltage power supply i n  the par t ic le  detector 
electroni cs turns on, activating the electros  t a t i  c analyzers. 
voltage must not be turned on except under very h i g h  vacuum o r  in-fl ight 
conditions aitd i s  i n h i b i t e d  from turn-on by the shorting p l u g  d u r i n g  pre- 
f l i g h t  testing. 

9.11 Undervoltage Protection OUT - l'ne undervoltage sensing circui t  i s  inhibited 
from t u r n i n g  of f  the transmitter and experiment/data power supply d u r i n g  
an undervol tage condition. With this command, the battery i s  vulnerable 
to  i r revers ib le  depletion since load protection is  removed. Thus this 
command should only be sent fo r  emergency diagnostic purposes and as a 
l a s t  resor t  t ha t  r i sks  the end of l i f e  of the power system. 

The h i g h  

9.12 Undervoltage Protection IN - The undervoltage sensing c i r c u i t  i s  enabled 
such tha t  i f  an undervol tage condition occurs the undervol tage c i r c u i t  
turns off the experiment power supply and the transmitter,  i f  on. 
the underroltage c i r c u i t  enabled, the battery i s  protected from irreversible  
depletion. 
subsequently recovers t o  an operating 1 eve1 , the experimenudata powcr converter 
may be turned on by the command sequence octal 26 (Experiment/Data Power O f f )  
followed by Octal 25 (Experiment/Data Power On) .  No response w i t h i n  24 
seconds would indicate the battery i s  s t i l l  i n  an undervoltage condition. 
If  the transmitter was on due t o  transponder on command when the under- 
voltage occured, the transmitter can be turned on again i f  the battery 
has recovered by Transponder Off command followed by. Transponder On. No 
response t o  this sequence indicates the battery remains i n  a low voltage 
condition. I f  the battery is  i n  an undervoltage condition, the experiment/ 
data  power supply and/or the transmitter can be turned on only by command 
Undervoltage Protection O u t  and then the two command sequences given above. 

With 

If an undervol tage condition occurs and the battery voltage 

9.13 Real Time Data Mode - The DEU switches to  the real  time data mode of 
operation. 
a t  the end of a main frame of  data ,  thus there can be a delay of up t o  the 
main frame period of the existing mode when the command was sent which 
means up  t o  2 seconds i n  the MRO mode, 12 seconds i n  the TSF mode, or 24 

Note tha t  mode changes w i t h i n  and controlled by the*DEU occur 

-9 - 
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9 13 Real Time Data Mode (Continued) 

seconds i n  the TSN mode. The transmitter is switched i n  ( i f  Off) a t  
the i n s t a n t  of mode change with data modulation. 
transmitted b i t  r a t e  i s  128 bps  and the frame ra te  is 0.5 frames per 
second. 
the data format. The subsa te l l i t e  will  remain i n  t h i s  mode u n t i l  
commanded in to  an a l te rna te  mode or u n t i l  an undervoltage condition occurs. 
With an uplink signal present the downlink signal will be coherent w i t h  
the uplink with the addition of the 32.768 KHz NRZ-M bi-phase modulated 
subcarrier.  

In the RTD mode, the 

See the measurement l i s t ,  document No. 16763-40 fo r  de t a i l s  on 

9.14 Memory Read O u t  Mode - The DEU switches to  the Memory Read O u t  (MRO) mode 
of operation. 
previous operating mode, thus a delay of up  t o  24 seconds may occur before 
the mode change. 
( i f  o f f )  with d a t a  modulation i n  the stored data format. The subsa te l l i t e  
remains i n  this mode unt i l  the end of memory pulse occurs a f t e r  256 main 
frames of data (512 seconds) and the subsa te l l i t e  switches t o  an i d l i n g  
mode with the transmitter off and awai t s  a command to  a n  active mode. In 
the i d l i n . 3  rnl.?de, the sc i en t i f i c  instruments and data h a n d l i n g  system are 
powered b u t  the DEU i s  not processing any data. 

The mode change occurs a t  the end of a main frame of the 

A t  the change to  MRO mode the transmitter turns on 

9.15 Telemetry Store Normal - The DEU switches to  the telemetry s tore  normal 
The mode change occurs a t  the end of the main frame of the (TSN) mode. 

previous operating mode, t h u s  there may be a delay of up  t o  2 seconds 
normally, o r  up t o  12 seconds if the previous mode i s  Telemetry Store Fast. 
The transmitter will t u r n  o f f ,  i f  on previously, unless the Transponder On 
(octal 15) command has been sent whereby the transmitter would remain on 
i n  the presence o f  an u p l i n k  signal.  In the TSN mode, the data i s  being 
stored i n  the memory a t  an 8 bps r a t e .  The subsa te l l i t e  remains in this 
mode f o r  256 frames of 24 seconds each (6144 seconds) a t  which time the 
end-of-memory pulse occurs and pu t s  i t  into an idl ing mode. 

9.16 Telemetry Store Fast - The DEU switches t o  the Telemetry Store Fast (TSF) 
mode i n  the same manner as w i t h  TSN command. In the TSF mode, the data i s  
stored i n  the memory a t  16 bps and the subsa te l l i t e  remains i n  this mode 
for 256 frames of 12 seconds each (3072 seconds) a t  which time the end-of- 
memory pulse occurs switching the subsa te l l i t e  to  an i d l i n g  mode and holds 
the data u n t i l  an alternate command is  received. 

-10- 



4 . 16763-418 
9.17 Spare 

9.18 - B  Automatic Cycle Mode - T h i s  command init iates the automatic cycle o f  

i n  sequence, idl ing mode, Real Time Data, Memory Read O u t  and Tele- 
metry Store Normal. The i d l i n g  mode i s  the same as Real Time Data, 
b u t  w i t h  the data o u t p u t  and transmitter control ou tpu t  inhibited.  
The modes shall  have periods and sequence as follows ; 

8 4 preprogramned operati on. The automati c cycle consists of four modes 

1. Idling 256 seconds 
2. Real Time Data 192 seconds 
3. Memory Read O u t  512 seconds 
4. Telemetry Store Normal 6144 seconds m 

The subsa te l l i t e  will remain i n  the Automatic Cycle Node u n t i l  an 
al ternate  mode command is  received or  u n t i l  an undervoltage condition 
occurs. 

9.19 Spare 

9.20 Spare 

9.21 Spare 

9.22 Spare 

B 10.0 TRANSMITTER INHIBIT FEATURE 
In the event of a receiver or decoder fa i lure  i n  the automatic o r  
Real Time Data mode, a transmitter i nh ib i t  is  armed and actuated by 
the most s ignif icant  b i t  (msb) of the elapsed time clock. 
c i r c u i t  i s  armed by a low-to-high t rans i t ion  o f  the  msb and actuated 
by the next high-to-low transi t ion a f t e r  arming. When armed o r  
i n h i b i t e d ,  the c i r c u i t  i s  cleared by any valid command. The i n h i b i t  

will occur i n  a period of 6 t o  18 days from receipt of the l a s t  valid 
command. Thus t o  guarantee tha t  the i n h i b i t  will  not occur, a valid 
command must be sent w i t h i n  every 6 day time interval .  

The inh ib i t  

d 
-11- 
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FOKEMORD 

Provided herein is  the P & F Subsa te l l i t e  Telemetry Measurement 
List and Format. 
page d a t a  format table and a detailed tab le  of measurement data. T h i s  
detai led table  includes such information as measurement accuracy, range, 
units, description, channel code, sampling in t e rva l ,  and work location 
f o r  each measurement. 

Included are a summary l i s t  of measurements, a s ing le  

T h i s  document has been prepared i n  accordance w i t h  Contract NAS9-19800 , 
E x h i b i t  A, Paragraph 4.6.4, and E x h i b i t  C Document Table item 40. 

A Revision A i ncorporates the changes i denti f i  ed dur i  ng the Cri ti cal 
Design Review ( C D R )  of July 14 and 15, and of subsequent agreements with 
the NASA/I.I1SC Experiment Manager. Revision A also incorporates the changes 
from l1SC and PI review o f  the f i r s t  version of Revision A as ident i f ied  
a t  the September Management Review. 

I B  Revision B incorporates changes of ECP-013 which consist  o f  use o f  
two spare telemetry channels t o  obtain valuable data from o r b i t ,  inclusion 
o f  additional c lar i fying information, p l u s  correction of a transportation 
e r ror .  

i i i  



PARTICLES AND FIELDS SUBSATELLITE 

MEASUREMENT LIST 

1. SCOPE 

Provided herein i s  the Measurement L i s t  o f  the Par t i c les  and 
Fields Subsatel l i te.  This document includes the l i s t  o f  measurements, 
the data format, and other per t inent  informat ion necessary f o r  the 
reduction and analysis o f  the telemetered data. 

2. COMPOSITE LIST OF MEASUREMENTS 

Table 1 presents a composite l i s t  o f  measurements. Included are 
the measurement number, the measurement t i t l e ,  the channel code, and 
the main frame word locat ion.  Measurements which have the same word 
number are e i the r  subcommutated o r  are s ing le  b i t  b i - leve l  measurements 
which form p a r t  of an 8 b i t  word. 
from the measurement l i s t ,  Table 2. 

Detai led locat ions are obtained 

3. NEASUREMENT LIST 
The measurement l i s t  i s  presented as Table 2 and includes the format 

location, measurement table, measurement number, channel code, the sample 
i n te rva l  i n  each mode, a measurement descr ipt ion,  the un i ts ,  maximum and 
minimum values, nominal accuracy and comments inc lud ing scale factors,  
accumulation t imes and other re levant  information. 

3.1 Presentation 

The measurement l i s t  i s  presented i n  blocks o f  8 b i t  words i n  the  
order tha t  they appear i n  the main frame. 
dupl icat ion,  super-commutated measurements a r e  l i s t e d  a t  each word 
pos i t ion  t h a t  they appear. 
contiguous w i th  the f i r s t  appearing subcommutated word. 

A t  the expense o f  

Subcommutated measurements are 1 i s t e d  

A. Format Location 

The format may be considered t o  be a 32 column by 8 row matr ix 
with a word number designating the column and a frame number 
designating the row w i t h i n  the matrix. 
matr ix  i s  an 8 b i t  word. 
the b i t  i s  so i den t i f i ed .  
word sequence (row). 

Each element o f  the 
When each b i t  i s  a separate measurement 

A main frame i s  considered as one 32 

-1 - 



.. . . 

+AfAE AND ADDiSS 
TRW Systems * SPECIFICATION CHANGE PAGE 3 OF 9 
One Space Park NOTICE 
Redondo Beach C a - l i f .  ~ P , > \ E L ~ ~ , \ ~ N ~ ~ Y  FINAL DATE, 7/27/71 

90278 
I 1 

:ONTr'.ACT NUhZiifii ECP NO, SCN NO. REVJS I ON 
N E 9  - 1 0800 NA 1 NC 

_XFE r'. IIt'L NT N UI;,2E R SPECJFICAT!CN NU;.'EZ , TITLE AND DATE 
5164, S173, S174 
APPT, OVAL AUT t io I': I i Y  

1 16763-408; P&F Subsa te l l i t e  Measurement List 
FILE' 0 P?OS I i 2 S E$, $1 r I C %TI ON 

MSC TWX #BC341/T184-71/L90 of 7/27 PAGE 1.13 - 
SPEClFICkTlON CtlANGE 

Page 2 ,  Paragraph G. Comments. 

Add the following sentence: 

Detailed information concerning telemetry cal ibrat ion 
data i s  contained i n  the i ndi v i  dual Subsatel 1 i t e  
Telemetry Cal i b r a t i  on Report documents, No., 16763-30. 
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4. DATA FORMAT 
4.1 Definitions 

A. Measurement I denti f i ca t i  on 
The f i r s t  l e t t e r  denotes the subsystem wherein the measurement 
originates. 

D - Data Handling 
C - Communications 
E - Electrical Power 
S - Scientific Instrumentation 
T - Sun Sensor 

The next two characters are discrete numbers l is ted sequentially 
within each subsystem. 
The l a s t  l e t t e r  indicates the telemetry format as  follows: 

D - 3ump d a t a  format only 
R - Real time da ta  format only 
B - Both formats 

B. Channel Code 

The f i r s t  number i s  the normal da ta  dump format sample interval 
i n  seconds. The l e t t e r s  define the channel type: 

A - Analog (0-5VDC) 
DP - Digital, parallel 
DS - Digital, serial  

The l a s t  number is the channel code number. 
The dash number indicates the b i t  location for  parallel digital 
words less than 8 bi ts  in length. 

4.2 Data Format - The Data Forinat i s  presented in Table 3. 

d 



TABLE I. COMPOSITE LIST OF MEASUREMENTS 

16763-40B 

Measurement Ti t le  
1 Meas* No* 

Data System Measurements 

DO1 B Sync Word 1 
D02B Sync Word 2 
D03B Sync Word 3 
D04B Subsatel 1 i t e  I .  D. 
D05B 
D06B Auto o r  Manual Mode 
DO78 Calibration (ON o r  OFF) 
DO88 Elapsed Time , Coarse 
DO9B Elapsed Time, Fine 
D1 OB Frame Count  
D l l B  B i t  Rate 
D12B 2.56V Calibration Voltage 
Conunand Sys tem Measurements 
COl B 
C02B Receiver Signal Present 
C03B Receiver Loop Stress 
Science Measurements 
SO1 D 
S02D 
S03R Magnetometer Transverse Ou! (BT) 

, SO48 
S05B 
S06B C1 Detector Count 
S07B C2 Detector Count  
S08B 63 Detector Count  
SO98 C4 Detector Count 
S1 OB C5 Detector Sector I Count 
S11B C5 Detector Sector I1 Count 
S12B C5 Detector Sector I11 Count 
S13B C5 Detector Sector IV C o u n t  
S14B Curved Plate Voltage Monitor 

S16B Open Telescope, Channel 1-4 Count 
S17B Shielded Telescope, Chan. 1-4 Count  
S18B Open Telescope, Channel 2 C o u n t  
S19B Shielded Telescope, Channel 2 C o u n t  
5208 Open Telescope, Channel 3 C o u n t  
5218 Shielded Telescope, Channel 3 C o u n t  
S22B Open Telescope, Channel 4 C o u n t  
5238 Shielded Telescope, Channel 4 Coun t  
S24B Open Telescope, Channel 5 C o u n t  
S25B Shielded Telescope, Channel 5 C o u n t  
5268 Open Telescope, Channel 6 C o u n t  
S27B Shielded Telescope, Channel 6 C o u n t  
S28B Telescope I.D. (Open or Shielded) 

Data Format (R/T or Dump) 

Command Val i di t y  

Magnetometer Transverse Mag. ( BTM) 
Magnetometer Time Delay ( T  ) 

Magnetometer Parallel Out ( B  ) 
Magnetometer Range I .  D e  ( R t ) P  

3 S15B Zero Gamma Reference 

K 

Channel Code 

2DP1 
2DP2 
2DP3-1234 
2DP4-5 
2DP4-6 
2DP4-7 
2DP4-8 
192DS1 
192DS2 
2DP3-5678 
192DP1-4 
2A2 

2DP4- 1234 
2DP5-1 
2A1 

24A1 
24DS5 
24A1 
24A2 

12DS1 
24DS4 
24DS6 
24DSlO 
24DS1 
24DS3 
24DS7 
24DS9 
192A8 
192A5 
4DS1 
4DS1 
24DS2 
24DS2 
48DS 1 
48 DS 1 
48DS3 
48DS3 
48DS2 
48DS2 
48DS4 
48DS4 

192DP1- 1 

192DP1-2 

Main Frame 
Word Number 

Wl 
w2 
w3 
w4 
w4 
w4 
w4 
w10 
W26 
w3 
w10 4 
W18 

w4 
w19 
W17 

W6 
w22 
W6, W22 
w7 
w10 
W9, W25 
W15 
W23 
W31 
w5 
W13 
w21 
W29 
W26 
w10 
W (  8,12,16,24,28,32. 
W (  8,12 $1 6,24,28,32 
w11 
w11 
W14 
W14 
W14 
W14 
w30 
W30 
W30 
W30 
w10 

J 
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16763-408 

/I Meas. No. Measurement T i t l e  

5298 Open Telescope Det. Temp. 
S30B Shielded Tele. Det. Temp. 
S31 B 
S32B PHA Threshold 
S33B Spare 
S34B Magnetometer Temperature 
Sun Sensor Measurements 
TO1 B Sun Pulse Delay 
T02B Spin Count 
T03B Sun Elevat ion Angle 
T04B Sector Per iod 
T05B Sun Sensor P o l a r i t y  
E l e c t r i c a l  Power Measurements 
E02B Solar  Array Current 
E03B Ba t te ry  Voltage 
E04B Ba t te ry  Current 
E05B Ba t te ry  Temperature 
E06B Low Voltage Monitor 
E08B Undervol t. Pro tec t i on  IN/OUT 

Magnetometer Range (R ) 
P 

Main Frame 
Channel Code Word Number 

192A9 w10 
192A10 W26 
192DP1-3 w10 
192DPl-6 u10 
192DP1-7 w10 
192A1 w10 

24DS8 W27 
192DS4 W26 
192DS3 w10 1 

192DS5 W26 
192DP1-5 w10 

192A2 
192A3 
192A4 
192A7 
192A6 
2DP 5- 2 

W26 
w10 
W26 
w10 
W26 
w19 

-5- 
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NAS9-10800 

S164, S173, S174 I 16763-40B; P&F S u b s a t e l l i t e  i ea su rmen t  List 
I 

APP2GYAL AUTHO2ITY F1L€ OP70SITE SFEGlFlC4TION 
MSC TWX XBC341/T184-71/L90 o f  7/27 PAGE K) - 

I I )  

1 5 YEC IF 1 CAT I 0 N C f i '-1 N G E - - .. 

Page 9 2 

1 )  Measurement No. T038: Change comment t o  read: 

s "See Cali b r a t i  on Report f o r  each subsatel 1 i t e  f o r  interpretation 
o f  data." 

2) Measurement No. S3'4B and 3)Measurement No. E03B: Change comment t o  read 

"See Cal i b r a t i  on Report for each subsatel  1 i t e  for exact  telemetry 
cal  i b r a t i  on r.ange: I' 
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i t e  tlleasurement List 

5 PCC 1 i 1 C Al'lO N C t i A N G E 
Page 10 
11 Measurement No. S15B: Change comment t o  read: 

"Output t o  be used for Zero Gamma reference value. See 
Calibration Report for  each subsatel 1 i t e  f o r  exact 
nomi na l  Val ue. I' 

2) & 3) Measurement No.s E058 and S29B: Change comments t o  read: 

"See Cali bration Report fo r  each subsatel 1 i te- f o r  
* exact telemetry Cali brat i  on range. 'I 
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Page 14 
.* 'rp . 

1) Measurement No. C03B: Change comment t o  read: 

"Deviation from center frequendy i s  nominally lKHz/count. 
See Calibration Report for each subsatel l i te  for exact 
telemetry calibration range." 

2) Measurement No. D12B: Change comment t o  read: 

"See Cal i b r a t i  on Report for each subs ate1 1 i t e  -for exact nominal 
value. I' 
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P X E L l M I  N X Y  FINAL 

SPECIF 1Ckl'l O N  Ci iANG E 
Page 15 

1) Measurement No S02D: Change comment t o  read: 

Tm = jbinary count) + 0.0156 
32 

2) Measurement No. S03R; Change comment t o  read: 

"In RTD mode only. Same as W6-fO-bo. See CalibGa'tion Report 
f o r  each subsatel  1 i t e  for exact t e l  enietry cal i b ra t i  on range. " 
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1x i 1 V N A E  AND ADDiZSS 
TRW Systems 
One Space Park s- 

Redondo Beach, Cal if. 

7 9 PAGE --. OF SPECIFlCkTiON CHANGE 
NOTICE 

PXLlMINAW FINAL I DATE 7/27/71 
I ECP NO. SCN NO. I REVlSl ON 

NA 1 NC NAS9-10800 
I 1 

SPZCIFICAZTICN NUA'Zf2 I TITLE AND DATE 

kP Pi? 0 SAL AUT I 1 Q R I i Y 
16763-409: P&F Subsatellite Measurement List 

1 FILE OP?OSI-if SPECIFlCEiTlON 
PAGE r a . . D ,  MSC TWX #BC34l/T184-71/L90 o f  7/27 1 

I 

SPECIFICATION Ct iANGE 

Page 17 

Measurement No. E02B: Change comments to read : 

See Calibration Report for each S/S'for exact TLM calibration range. 
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SPEC1 FlCATlO N CHANGE 

NAS9-10800 

EXFEr?lr?',ENT NUt;SR 

9 6 4 ,  S173, S174 
APP?\G\r'AL A U Ti 10 2 I i Y 

SFECIFICATICN NUA't3EX , TiTLE AND DATE 
16763-40B; P&F Subsatellite Measurement List 

FILE' OPTOSiiE SFECI:IC<iiON 
PAGE t.1'3. 18 4SC TWX fiBC341 /T184-7l/L90 of 7/27 - 

SPECIFICAPION Ct iANGE 

Page 18 
/-. 

heasurement NO. E04B - Change comment to read: 

"See Calibration Report for each S/S for exact TLM calibration range." 

)Measurement No, E06B Change comments to read: 

"Scale Factor: 20 mV per b i t .  See Calibration Report for each S / S  for 
exact nominal val ue" . 

) Measurement No. S14B change comments to read: 

"Scale Factor: 20 mV per bit. See Calibration Renort for each S/S 
for exact nominal value". 

) Measurement No. S30B Change comments to read: 

"See Calibration Report for each S/S fo r  exact TLM calibration range."- 
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PAGE 9 OF 9 

S164, S173, S774 I 16763-40B; P&F Subsatel 1 i t e  Measuiement List 
AfW?GSAL AUTHO2IiY FILE' OP70SI'TE SFECITIC%TION 

PAGE tm. 19 
I 

MSC TWX #BC341 /T184-71 /L90 o f  7/27 
SPECIFICATION CLiANGE 

Page 19 

1 )  Measurement No. TOlB Change comment to  read: 

T, F 
Binary Counts 

+ ,0156 
' 
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